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論文摘要 
酸脫氫酶是一組能在 N A D +或 N A D P +的存在下’催化多種酸的蛋白 0此組蛋 
白已在哺乳動物中被廣泛硏究’但它在低等脊椎生物中的硏究開發卻相對較少° 
在本次硏究中’ a-cyanocinnamate Sepharose被作爲首種親和層析法’將ALDH-2 
和 a n t i q u i t i n兩種蛋白從黑粒的肝臟淨化出來。再經過另一種親和層析法 
；？-hydroxyacetophenone Sepharose，ALDH-2已被提純。從氨基末端排序中顯示的29 





酸驗度9.5氧化乙醒、丙酸和辛酸的米氏常數分別爲9 pM，7 一 以 及 7 ^iM °苯酸和 
betaine aldehyde 均 不 能 爲 酶 作 用 物 ° a-Cyano-4-hydroxydnnamte 和 
;7-hydroxyacetophenone均能抑制ALDH-2對乙醒的活性° 
另一類酸脫氫酶antiquitin，育g從a-cyanocinnamate Sepharose親和層析法中流出 
來，再經過Affi-gel Blue Agarose親和層析法和氨驢基硫酸廳沉殿法提純出來°從氨基 





動能力在酸驗度9.0爲最高。NAD+能在中至高酸驗度或攝氏60度高溫中穩定90 % 或 
以上antiquitin的活性°它對於在酸驗度9.5氧化乙酸、丙酸、辛醛和苯醒的米氏常數 
分別爲 2.0 m M ’ 0.78 m M ’ 0.008 m M 以及 0.35 m M，但 betaine aldehyde 卻不能爲 




Aldehyde dehydrogenase (ALDH) is a large family of enzymes, which catalyzes 
the oxidation of a wide spectrum of aldehydes in the presence of N A D + or NADP+. 
Intensive studies on A L D H have been carried out in mammals while their sub-
mammalian counterparts are relatively unexplored. 
In the present investigation, chromatography on a-cyanocinnamate Sepharose was 
used as the first step in the purification of ALDH-2 and antiquitin from the liver of black 
seabream {Mylio macrocephalus, alternatively known as, Acanthopagrus schlegeli). N-
terminal amino acid sequencing of 29 residues of this enzyme revealed a 66% identity 
with human ALDH-2. Further purification of ALDH-2 from eluate was achieved by 
another affinity chromatography on p-hydroxyacetophenone Sepharose. From 40 g liver, 
1.1 m g of ALDH-2 was purified with a specific activity of 8.50 U/mg. The purified 
protein was a tetramer with subunit molecular mass of 56.0 kDa. Isoelcetric focusing 
showed its pi value as 5.6. Kinetically, the protein preferred N A D + as the co-factor. 
Optimal activity for oxidizing acetaldehyde was observed at pH 8.5. At neutral pH and ‘ 
temperature up to 30。C, addition of 20 % glycerol could stabilize the enzyme against 
denaturation. K m values towards acetaldehyde, propionaldehyde and octanal at pH 9.5 
were 9 |iM, 7 ^ iM, and 7 jiM respectively. It could not oxidize benzaldehyde and betaine 
aldehyde. a-Cyano-4-hydroxycinnamate and ；?-hydroxyacetophenone were inhibitors of 
the enzyme. 
Apart from the eluate of a-cyanocinnamate Sepharose chromatography, a 
significant amount of activity was also detected in the flow-through fraction. By loading 
iv 
this active fraction onto Affi-gel Blue Agarose column, purified seabream antiquitin 
could be obtained, after an additional step on ammonium sulfate precipitation. Eighteen 
amino acid residues from the N-terminus of the protein revealed an 83 % identity with 
human antiquitin. Purified protein of 0.9 m g was obtained from 40 g liver with a specific 
activity of 1.28 U/mg. SDS-PAGE analysis of the protein showed a band with subunit 
molecular mass of 57.5 kDa, and its native form was 250 kDa in molecular mass. The 
purified protein had a pi value of 5.2. Studies on its kinetic properties showed that the 
enzyme preferred N A D + as the co-factor. Acetaldehyde, propionaldehyde, octanal，and 
benzaldehyde but not betaine aldehyde, were substrates for the enzyme with K m values of 
2.0 m M , 0.78 m M , 0.008 m M , and 0.35 m M , respectively at pH 9.5. Optimal p H for 
oxidizing acetaldehyde was 9.0. N A D + could effectively stabilize the enzyme against p H 
and thermal denaturation. 12.5 |iM a-cyano-4-hydroxycinnamate and 40 jiM p-
hydroxyacetophenone did not show any significant inhibitory effect on the acetaldehyde-
oxidizing activity of antiquitin. 
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Abbreviations 
A D H Alcohol dehydrogenase 
A L D H Aldehyde dehydrogenase 
ALDH-1 Class 1 aldehyde dehydrogenase 
ALDH-2 Class 2 aldehyde dehydrogenase 
ALDH-3 Class 3 aldehyde dehydrogenase 
A M P Adenosine monophosphate 
B A D H Betaine aldehyde dehydrogenase 
D T T Dithiothreitol 
E D T A Ethylene diaminetetraacetic acid 
G A B A y-Aminobutyric acid 
G A P D H Non-phosphorylating glyceraldehyde-3-phosphate dehydrogenase 
G G S A L D H 丫-Glutamyl semialdehyde dehydrogenase 
H M S A L D H 2-Hydroxymuconic semialdehyde dehydrogenase 
lEF • Isoelectric focusing 
M M S A L D H Methylmalonyl semialdehyde dehydrogenase 
M T T 3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide 
N A D + p-Nicotinamide adenine dinucleotide 
N A D P + p-Nicotinamide adenine dinucleotide phosphate 
P M S Phenazine methosulfate 
SDS Sodium dodecyl sulfate 
S S A L D H Succinic semialdehyde dehydrogenase 
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Chapter 1 Introduction 
1.1 Aldehyde Dehydrogenase Extended Family 
Aldehydes are highly reactive molecules that are important in numerous 
physiological, biological and pharmacological processes. For example, retinal is required 
for vision (Wald, 1968); whereas it's oxidized product, retinoic acid, is involved in 
embryonic differentiation (Cambon, 1996; Haselbeck et al., 1999). These reactive 
compounds can be generated from both endogenous and exogenous precursors (Lindahl, 
1992). Endogenous aldehydes arise from the metabolism of amino acids, biogenic 
amines, vitamins, steroids and lipids. Exogenously, they are generated as intermediates or 
as products through the biotransformation of a large number of drugs and environmental 
agents. Since aldehydes are highly reactive electrophilic compounds which interact with 
thiol and amino groups, their effect can vary from physiologic and therapeutic to 
cytotoxic, genotoxic, mutagenic or even carcinogenic. Thus, selective elimination of 
aldehydes from biological systems is important in maintaining the health of living cells. 
Various metabolic pathways exist for the detoxification of aldehydes to their less 
reactive forms. One of the most important pathways for aldehyde metabolism is the action 
of aldehyde dehydrogenase (ALDH). In 1949, mammalian A L D H activity was first 
observed in ox liver (Racker, 1949). Thereafter, several types of A L D H were being 
discovered. Thus far, the family consists of at least 331 distinct genes, of which 8 are 
found in archaea, 165 in eubacterium and 158 in eukaryote. Within the eukaryote, there 
are 20 gene families (Nickolas et al., 2001). A L D H represents a group of NAD(P)+ 
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dependent enzymes that catalyze the oxidation of a wide spectrum of endogenous and 
exogenous aldehydes. Catalytically active forms of the enzyme are mostly 
A T J W 
R C H 0 + N A D ( P ) + + H20 • RCOO- + N A D ( P ) H + 2H+ 
homotetramers, for example ALDH-1, ALDH-2 and betaine aldehyde dehydrogenase 
(BADH); but some of them, ALDH-3 and y-glutamyl semi aldehyde dehydrogenase 
( G G S A L D H ) are homodimers. These acidic proteins are widely distributed in tissues 
such as liver, kidney, stomach, heart, brain, eye and muscle (Yoshida et al, 1998). This 
widespread occurrence of A L D H genes indicates their importance in biological functions. 
1.1.1 Phylogenetic Tree 
The construction of a phylogenetic tree of the large family of A L D H is useful for 
the study of their relationship. The generation of the tree is based on the alignment of 53 
amino acid sequences, which consists of at least 13 A L D H families (Perozich et al., 
1999). The tree can be split into two main trunks, the "Class 3” and "Class 1/2" trunk 
(Figure 1.1). However, their divergence does not correlate with their subcellular 
localization, quaternary structure, or coenzyme preference. In fact, some A L D H families, 
such as methylmalonyl semialdehyde dehydrogenase ( M M S A L D H ) and G G S A L D H , 
have orthologs from bacteria through humans, while ALDH-2 has only be found in plants 
and animals. Other families appear to be specific to a certain kingdom. For example 
fungal A L D H has only been found in fungi. 
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^ ALDH-3 
• Glyceraldehyde-3-phosphate Dehydrogenase 
• Aromatic Aldehyde Dehydrogenase 
• Succinic Semi aldehyde Dehydrogenase 
• Turgor Aldehyde Dehydrogenase 
• y-Glutamyl Semialdehyde Dehydrogenase 
• Methylmalonyl Semialdehyde Dehydrogenase 
• Betaine Aldehyde Dehydrogenase 
^ ALDH-1 
— J  
^ ALDH-2 
• Fungal Aldehyde Dehydrogenase 
• 2-Hydroxymuconic Semialdehyde Dehydrogenase 
^ Group X 
Figure 1.1 Phylogenetic tree of the extended A L D H family (Perozich et al., 1999). 
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There is some, but not perfect, correlation between A L D H members in the same 
trunk and their substrate specificity. All A L D H families in the "Class 3" trunk, except 
class 3 A L D H itself, are substrate-specific enzymes. The "Class 1/2" trunk contains 
mostly variable substrate enzymes, with the exceptions of 2-hydroxymuconic 
semialdehyde dehydrogenase ( H M S A L D H ) and formyltetrahydrofolate dehydrogenase 
(FTDH). Substrate-specific A L D H families do appear to have diverged earlier in 
evolution than the variable substrate families. Thus, it would appear that the driving force 
in A L D H evolution has been to selectively metabolize different aldehydes in both 
intracellular and extracellular environments. 
Within trunk "Class 1/2", there is a class named as Group X. Group X represents 
a cluster of highly related sequences sharing 61-75 % identity. However, their relation to 
each other is not yet understood. When browsing the catalytic activity of different classes 
of A L D H , turgor A L D H also known as antiquitin, is found to be the one that is relatively 
unexplored. Limited reports on turgor A L D H show that this protein can be induced by 
osmotic stress in plant (Guerrero et al., 1990; Stroeher et al., 1995). In human, it is 
expressed in inner ear (Skvorak et al., 1997) and is related to the development of 
paroxysmal nocturnal hemoglobulinuria (PNH) (Kanai et al., 1999). However, no 
information on its enzymatic activities has yet been reported, 
1.1.2 Physiological Functions 
One of the principal early interests in the study of A L D H is its role in the 
conversion of acetaldehyde to acetic acid in ethanol metabolic pathway. In fact, their 
functions involve the oxidation of a wide variety of aldehydes for detoxification, 
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intermediary metabolism, osmotic protection, NAD(P)H generation and in a structural 
capacity in eye lenses (Jakoby & Ziegler, 1990; Lindahl, 1992). 
The variable substrate A L D H , including ALDH-1, ALDH-2 and ALDH-3，are 
involved in detoxification, for example the metabolism of acetaldehyde (Kitson，1977; 
Harada et al., 1981), dietary aldehydes, xenobiotics, lipid peroxidation products and 
certain anti-cancer drugs (Lindahl & Peterson, 1991; Rizzo, 1993; Domeyer & Sladek, 
1980; Dockham et al., 1992). Also, H M S A L D H and aromatic A L D H are involved in 
pathways that remove aromatic xenobiotics (Nordlund & Shingler, 1990; Priefert et aL, 
1997; Inoue et al., 1995). 
In basic metabolic pathways, G G S A L D H and M M S A L D H are both involved in 
amino acid metabolism (Kedishvili et al., 1992). Glyceraldehyde-3 -phosphate 
dehydrogenase (GAPDH) functions in glycolysis (Habenicht et al., 1994). S S A L D H and 
y-aminobutyraldehyde dehydrogenase ( G A B A L D H ) (Pietruszko et al” 1997) participate 
in the catabolism of inhibitory neurotransmitter y-aminobutyric acid (GABA) (Chambliss 
et aL, 1995). F T D H is involved in folate metabolism (Cook et aL, 1991; Krupenko et al., 
1997). ALDH-1 can also synthesize retinoic acid (Lee et al, 1991) which is relevant both 
in development and vision, and metabolize 11 -hydroxythromboxane B2 (Westlund et cd., 
1994). 
In adaptation to osmotic stress, including dehydration and exposure to high 
salinity, organism accumulates small compound intracellularly, including proline and 
glycine betaine. Proline, which is catabolized by G G S A L D H (Ling et al” 1994; Hu et al” 
1996), may serve as a carbon source in these times of stress (Straub et al, 1996). Glycine 
betaine, synthesized by B A D H , serves an osmoprotective role in all organisms 
5 
(Weretilynk & Hanson, 1990; Boch et aL, 1996). In addition, turgor A L D H , named for 
their induction in response to change in osmotic turgor (Guerrero et aL, 1990; Stroeher et 
al., 1995) may also play a role. 
Moreover，several enzymes have been recruited by organisms to serve as 
structural proteins in the eye. Cephalopod and shrew have both utilized A L D H - 1 as 
structural lens proteins, Q. and r| crystallins, respectively (Graham et al., 1996; Zinovierva 
et al., 1993). Also, ALDH-1 and ALDH-3 are major soluble proteins in lens and cornea, 
respectively. These A L D H may aid in the detoxification of peroxidation products 
generated by U V light absorption (Cooper & Baptist, 1991; King & Holmes, 1997). 
Finally, non-phosphorylating G A P D H generates N A D P H needed for photosynthetic 
reactions. 
Several autosomally-inherited diseases are caused by deficiency of A L D H . 
Sjogren-Larsson syndrome (SLS) is caused by deleterious mutations in the human 
microsomal fatty ALDH-3. This autosomal recessive disorder is characterized by 
ichthyosis at early stages, followed by mental retardation and spasticity (De Laurenzi et 
aL, 1996). Another autosomal recessive disorder, type II hyperprolinemia, is caused by 
the loss of G G S A L D H function. Patients with this disorder exhibit 10-40 fold higher 
plasma levels of proline and u-l-pyrroline-5-carboxylate and may suffer from mental 
retardation and seizures (Phang et al, 1995). SSALDH-deficiency leads to an 
intracellular accumulation of succinic semialdehyde and an increase in 4-hydroxybutyrate 
in physiological fluids. These changes affect the central nervous system, causing altered 
motor activity and speech delay (Jokobs et aL, 1993). 
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1.1.3 Structural Conservations 
Several structures of A L D H have been identified, such as human ALDH-2 (Ni et 
al., 1999)，sheep ALDH-1 (Moore et al., 1998), bovine ALDH-2 (Steinmetz et al., 1997), 
rat ALDH-3 (Liu et al, 1997) and cod B A D H (Johansson et al., 1998). These classes of 
A L D H function differently in their physiological role but share similar overall structure. 
For each subunit of the enzyme, it contains three main domains: a NAD+-binding domain, 
a catalytic domain and an oligomerization domain (Figure 1.2). However, the NAD+-
binding domain is different from those in other NAD+-dependent enzymes, which 
becomes a fingerprint of the A L D H family. 
A number of enzymes use dinucleotide, such as N A D + and FAD, as co-factors。 
These enzymes interact with different substrates and have different overall structures, but 
most of their dinucleotide-binding domains have either Rossmann folds (Rossmann et al., 
1974; Wierenga et al., 1986) or (a/p)8 barrel structures (Wilson et al, 1992; Hoog et al, 
1994). A L D H belongs to the former group. In this family, the Rossmann fold is made up 
of five p-strands connected by four a-helices instead of the six P-strands usually observed 
in other NAD^-dependent dehydrogenase structures. The G X G X X G motif usually found 
associated with the pi-aA loop (Wierenga et al., 1985; 1986) of the Rossmann fold is 
now found in the p4-aD loop (GXTXXG) and involves in interactions with the 
nicotinamide ring. These differences result in the unique A L D H binding motif. 
The oligomerization domain is comprised of a three-stranded antiparallel p-sheet. 
This domain forms much of the intersubunit contacts between monomers in both dimeric 
and tetrameric ALDHs. 
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NAD+-binding domain 
Substrate binding domain 
Figure 1.2 Structure of one subunit of B A D H from cod (Johansson et al., 1998) 
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1.2 ALDH-1 and ALDH-2 
Traditionally, researchers have paid a great attention to ALDH-1 and A L D H - 2 due 
to their involvement in alcohol metabolism. Human, especially those in Western 
countries, consume a large amount of alcohol everyday. The metabolism of alcohol into 
acetate in the body involves a two-step process. Alcohol is first oxidized by alcohol 
dehydrogenase (ADH) into acetaldehyde. The acetaldehyde is then eliminated by the 
action of A L D H to acetate. Both enzymes require N A D + as co-factor. 
C H 3 C H 2 O H + N A D + ^ ^ • C H 3 C H O + N A D H + H+ 
C H 3 C H O + N A D + + OH- ^ ^ ^ ^ ^ CH3COO- + N A D H + H+ 
Individuals with deficiency in ALDH-2, commonly in Orientals (Yoshida et al., 
1984), accumulate a high level of acetaldehyde in liver followed by facial flushing, 
headache and sweating. These aversive effects discourage alcohol intake and protect 
individual against the development of alcoholism (Harada et al., 1985). 
Mitochondrial ALDH-2 is strongly expressed in various tissues with the highest 
level in the liver. Homogeneous ALDH-2 has been obtained from the liver of several 
animals including human (Greenfield & Pietruszko, 1977; Rashkovetsky et al., 1994)， 
horse (Eckfeldt et al., 1976), cow (Takahashi et al., 1979)，rat (Lindall & Evces，1984a; 
1984b; Poole & Halestrap’ 1989), hamster (Keung & Vallee，1993; Hjelmqvist et al., 
1997) and grass carp (Fong & Choy，2001). On the other hand, cytosolic ALDH-1 has 
been isolated from human (Rashkovetsky et al., 1994; Bhat & Samha, 1999), horse 
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(Eckfeldt et al., 1976)，sheep (MacGibbon et al., 1979)，rat (Lindall & Evces，1984a; 
1984b), hamster (Klyosov et al” 1996) dindXenopus (Yamauchi et al., 1999). 
Kinetic properties of ALDH-1 and ALDH-2 are very similar. Both of them 
possess a high affinity towards acetaldehyde with Michaelis constant at sub-micromolar 
(ALDH-2) and micromolar range (ALDH-1) (Rashkovetsky et al., 1994; Klyosov et al., 
1996). ALDH-1 can oxidize all-trans- and 9-cis-retinal with K m values at micromolar 
concentration (Bhat & Samada, 1999). Besides aldehydes, they also possess esterase 
activity (Feldman & Weiner，1972; Sidhu & Blair, 1975; Blackwell et al., 1983; Fong & 
Choy，2001). 
Structurally, the catalytically active form of the two classes of A L D H is 
homotetramers with subunit molecular mass of about 55 kDa. Amino acid sequence 
homology between ALDH-1 and ALDH-2 reveals a 70 % identity. Their three-
dimensional structures show three main domains and possess a 56 amino acid extension 
at the N-terminus (Moore et al, 1998; Steinmetz et al., 1997). 
Of most of the studies on ALDH-1 and ALDH-2, very few are targeted on sub-
mammalian species. Homogenous preparation of sub-mammalian A L D H has only been 
reported on mitochondrial A L D H from skipjack tuna (Nagai, 1999)，ALDH-1 from 
Xenopus (Yamauchi et al., 1999) and ALDH-2 from grass carp (Fong & Choy, 2001). 
Other studies only provide information on the tissue distribution of A L D H (Nilsson, 
1988a; 1988b) and kinetic properties of their crude extract (Vasilious et al., 1989). 
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1.3 Antiquitin 
The word 'antiquitin' was coined in 1994 for a protein which shows remarkable 
conservation through evolution (Lee et al, 1994). A comparison of the deduced amino 
acid sequences of the protein from green garden pea and human shows a 60 % homology 
(Figure 1.3). Their alignment shows only two single amino acid gaps, one in each protein, 
perfect alignment of the stop codons, and the loss of only three amino acids at the amino-
terminal. Thus, the pea protein consists of 508 amino acids and the human protein of 511 
amino acids. The 66 amino acids at the carboxyl terminal are 86 % identical，and more 
than 92 % identity can be found in one stretch of 55 amino acids. Such an exceptionally 
high degree of homology between proteins from the plant and animal kingdoms is rare 
because of the long evolutionary distance. This indicates that the protein must have a 
significant indispensable physiological role in cell biology. Since antiquitin is a newly 
discovered class of A L D H and its catalytic properties have never been demonstrated, its 
classification is merely based upon its 30 % amino acid sequence homology with several 
A L D H families. 
Antiquitin is suggested to be involved in osmoregulation. Upon deprivation of 
water or exposure to high salinity, gene expression of antiquitin is induced in green 
garden pea (Guerrero et al., 1990) and canola (Stroeher et al., 1995). In mammal, 
antiquitin is expressed in rat kidney and liver (Lee et al, 1994); human cultured 
hepatoma cells (Lee et al, 1994), inner ear, cochlea, ovary, eye, heart and kidney 
(Skvorak et al, 1997). Only minimal amount can be detected in rat lung, human 
peripheral blood leukocytes and cultured human fibroblasts (Lee et al., 1994). Antiquitin 
m R N A of hepatoma is not induced by heat-shock, dehydration, ionizing irradiation, or 
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Pea MGSDSNN---LGFLKEIGLGATNIGSFINGQWKANGPTVHSVNPSTNQVIA5VTEATLDD 60 
Human MSTLLINQPQYAWLKELGLREENEG-VYNGSWGGRGEVITTYCPANNEPIARVRQASVAD 
本 本 本 本 本 本 • 本 本 本 本 本 本 本 本 本 本 本 本 本 本 
Pea YEEGLRASSEAAKTWRTVPAPKRGEIVRQIGDALRAKLDPLGRLVALEMGKILAEGIGEV 120 
Human YEETVKKAREAWKIWADIPAPKRGEIVRQIGDALREKIQVLGSLVSLEMGKILVEGVGEV 
本 本 本 本 本 本 本 本 本 本 本 本 本 本 本 木 本 氺 本 本 本 本 本 木 本 本 本 本 本 本 • 本 本 本 本 本 本 本 木 本 本 
Pea QEIIDMCDYSVGLSRQLNGSIIPSERPEHMMFEVWNPLGIVGVITAFNFPCAVLGWNACI 180 
Human QEYVDICDYAVGLSRMIGGPILPSERSGHALIEQWNPVGLVGIITAFNFPVAVYGWNNAI 
本 本 本 本 本 本 本 * 木 本 * 本 本 本 本 本 本 本 本 本 本 本 * 本 本 本 本 本 本 本 本 本 本 本 本 本 本 本 
Pea ALVGGNTVVWKGAPTTPLITVAVTKLIAEVFERNNLPGAIFTALCGGADIGHAIAKDTRI 240 
Human AMICGNVCLWKGAPTTSLISVAVTKIIAKVLEDNKLPGAICSLTCGGADIGTAMAKDERV 
本 * 本 本 本 * * * * * 本 本 本 本 本 本 本 本 本 氺 本 本 本 氺 本 本 * 本 本 本 本 本 本 本 本 本 氺 本 
Pea PLVSFTGSSKVGALVQQTVSQRFGKTLLELSGNNAIIVMDDADITLAVRSIFFAAVGTAG 300 
Human NLLSFTGSTQVGKQVGLMVQERFGRSLLELGGNNAIIAFEDADLSLVVPSALFAAVGTAG 
• * 本 本 本 本 本 氺 本 木 本 本 氺 木 本 本 本 本 • 本 本 * * 本 本 本 本 本 氺 本 本 本 氺 氺 本 本 本 
Pea QRCTTCRRLYLHESVYANVLEQLTALYKQVKIGNPLEEGTLVGPLHTRSAVENFKNGISA 360 
Human QRCTTARRLFIHESIHDEVVNRLKKAYAQIRVGNPWDPNVLYGPLHTKQAVSMFLGAVEE 
本 本 本 本 本 本 本 本 本 本 本 ， 术 本 本 本 本 本 本 木 . • 本 • 本 * 本 本 木 
Pea IKSQGGKIVTGGSVLESEGNFVVPTIVE-ISADAAVVKEELFAPVLYVMKFKDLEEAIAL 420 
Human AKKEGGTVVYGGKVMDRPGNYVEPTIVTGLGHDASIAHTETFAPILYVFKFQNEEEVFAW 
木 本 本 本 本 本 本 本 本 本 本 本 本 木 本 氺 本 本 本 本 木 本 * 本 本 本 本 本 
Pea NNSVPQGLSSSIFTQKPSTIFKWIGPSGSDCGIVNVNIPTNGAEIGGAFGGEKATGGGRE 480 
Human NNEVKQGLSSSIFTKDLGRIFRWLGPKGSDCGIVNVNIPTSGAEIGGAFGGEKHTGGGRE 
本 本 本 本 本 本 本 本 本 术 本 本 本 本 本 术 * * 本 本 本 本 本 本 本 本 本 本 本 本 本 本 本 * * 本 本 本 * * * 本 本 * 本 氺 * 本 本 
Pea GSDSWKQYMRRSTCTINYGSELPLAQGINFG 512 
Human GSDAWKQYMRRSTCTINYSKDLPLAQGIKFQ 
* 本 本 本 本 本 本 本 本 本 • 本 本 本 本 本 本 本 本 本 本 本 本 本 本 
Figure 1.3 Amino acid sequence alignment of human (Lee et al., 1994) and green 
garden pea (Guerrero et al., 1990) antiquitins. Identical amino acids are 
labeled with asterisk. 
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treatment with iron, /-butylhydroperoxide, or glucocorticoids (Lee et al., 1994). In 
relation to human disease, antiquitin may be involved in PNH. Antiquitin m R N A is not 
expressed in PIG-A mutant cells and mutation in PIG-A is known to be necessary for the 
development of P N H (Kanai et al., 1999). 
Though there is evidence showing that antiquitin may play an important role in 
osmoregulation, the function or even its enzymatic property is still unknown. The result 
of hydrophobicity plot indicates a large conserved hydrophobic portion, suggesting that 
antiquitin may be a membrane bound protein (Lee et al, 1994). However, up to date, 
antiquitin has only been studied at the nucleotide level. N o attempt has been made to 
purify or express the protein. Without the provision of pure protein, its function(s) is 
difficult to conclude. 
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1.4 Osmoregulation 
Cells are rather permeable to water and external changes in medium concentration 
therefore tend to cause cells to either shrink or swell quickly. Thus, individual cell has to 
control their intracellular fluid concentration in order to survive. 
Basically, cells have several mechanisms that contribute to volume regulation. 
Firstly, they have membranes that are permeable to water movements. Secondly, they 
may have adaptive reduction in the cell's permeability to water, either as a direct response 
of the postulated membrane channels or sometimes in response to hormones such as 
antidiuretic hormone; this slows down water movement. Thirdly, a number of transport 
systems will be switched on to monitor the concentration of electrolytes such as Na+，K+， 
and CV so as to prevent shrinkage or swelling. However, these mechanisms are 
mainly for short-term exposure to regulate cell volume. The most important changes in 
long-term volume regulation for the majority of cells depend on their osmoprotectant 
composition 
In contrast to electrolyte, osmoprotectant can accumulate to a very high 
intracellular level without affecting cellular functions, thus contributing to the restoration 
of turgor in environment of high osmolarity. In addition, they can protect the functioning 
and integrity of protein and cell components at low water activity and do not interfere 
with protein-DNA interaction. 
1.4.1 Osmoprotectants 
There are four main groups of osmoprotectant (Yancey, 1994), they are: 
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A) Urea and urea with methylamines: They are nitrogenous waste products existing 
at high level, widely distributed but mainly in kidney. 
B) Sugar and polyol: Sucrose, heterosides, linear polyols with three to six carbons 
and cyclic polyols are examples of this category. They occur in the greatest variety 
in photosynthetic organisms and fungi but distribution of some types is scattered 
among distantly related groups. Sugar and polyols are the most common solutes 
used in organisms to adapt to freezing temperature. 
C) Amino acids: By far, they are the most important compensatory osmolytes that 
make up a large percentage of the normal intracellular osmotic concentration. The 
dominant free amino acid types are invariably small, polar zwitterionic ones, 
especially glycine, alanine, proline and glutamine. 
D) Methylated nitrogen or sulfur atoms: They are the most common one. In this 
group, glycine betaine is the most widespread methylamine. 
1.4.2 Betaine Aldehyde Dehydrogenase 
Glycine betaine is a specific substrate for a class of A L D H , B A D H . It is a 
quaternary ammonium compound present in many organisms. It has two distinct 
functions. In mammalian tissue, it acts as a methyl group donor and a nitrogen source 
(Shapiro, 1965). In plants and bacteria, this substance acts as an osmoprotectant where it 
can build up the cytoplasmic osmotic strength, without precluding cellular functions. 
However, recent studies suggest that glycine betaine may also act as an osmoprotectant in 
mammalian cells (Petronini et al., 1992; Diggers et al., 1993). 
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Under water or salt stress, many higher plants (Wyn & Storey, 1981; Rhodes and 
Hanson, 1993; Gamboa et al., 1991), bacteria (Le Redulier & Bouillard, 1983; Galinski & 
Truper，1994; Kempf & Bremer，1998), marine (Pierce et al., 1992; Perrino & Pierce， 
2000) and mammalian animals (Petronini et al., 1992) would accumulate glycine betaine 
in the cytoplasm in order to increase their osmotic strength. The synthesis of glycine 
betaine involves two steps. First, choline is oxidized to betaine aldehyde by the action of 
choline oxidase. The aldehyde is then further oxidized by B A D H to generate glycine 
betaine. 
choline oxidase „ . 
BADH 
Choline • Betaine aldehyde • Glycine betaine 
B A D H has been purified to homogeneity from different species such as Spinacia 
oleracea (Weretilnyk & Hanson, 1989), Amaranthus hypochondriacus (Valenzuela-Soto 
& Munoz-Clares, 1994), Pseudomonas (Velasco-Garcia et al., 1999)，Escherichia coli 
(Falkenberg & Strom，1990), Xanthomonas trnslucens, Cylindrocarpon didymium (Mori 
et al., 1980)，porcine kidney (Guzman-Partida & Valenzuela-Soto, 1998) and cod liver 
(Johnasson et al” 1998). This enzyme can be found in several forms. In bacteria and 
mammals it is a homotetramer with molecular mass of 〜210 kDa (Falkenberg & Strom， 
1990; Mori et al, 1980; 1992; Guzman-Partida & Valenzuela-Soto, 1998; Chern & 
Pietruzko, 1999). However, in plants it exists as a homodimer with molecular mass of 40-
63 kDa (Weretilnyk & Hanson, 1989; Valenzuela-Soto & Munoz-Clares, 1994). The 
postulated role for this enzyme is in the metabolism of putrescine to y-aminobutyric acid, 
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a principal neurotransmitter in the central nervous system. A second metabolic function 
o f B A D H is related to the conversion of betaine aldehyde to glycine betaine. 
The three-dimensional structure of cod liver B A D H has been reported (Johansson 
et al, 1998). Its structure is similar to the other A L D H structures, for example, bovine 
ALDH-2 (Steinmetz et al” 1997) and rat ALDH-3 (Liu et al, 1997) with three distinct 
domains, coenzyme binding domain, catalytic domain, and oligomerization domain in 
each subunit. 
17 
1.5 Objectives of the Present Study 
A L D H has been studied intensively in mammals, however not much is known 
about its sub-mammalian counterparts. Limited reports on the A L D H activities of crude 
tissue extracts in sub-mammalian species include rainbow trout (Nilsson, 1988a; 1988b), 
chicken，frog, crucian carp and salamander are present (Helander, 1989; Vasilious et al” 
1989). However, these reports fail to identify the specific class of A L D H which 
contribute to the activity. 
Homogeneous ALDH-1 has been isolated from Xenopus (Yamauchi et al., 1999) 
and its m R N A in chicken (Godbout, 1992) has been identified. The existence of ALDH-1 
in sub-mammalian species is thus clear. Recently, ALDH-2 has been purified from the 
hepatopancreas of grass carp (Fong & Choy，2001). The isolation of only one A L D H 
isoform may be due to the minute amount of ALDH-1 and other A L D H families in such 
species. It would be interesting to find out whether other acetaldehyde-oxidizing A L D H , 
especially ALDH-1, is present in other fish species. 
To provide detail information regarding sub-mammalian A L D H , investigation has 
to be conducted at both protein and nucleotide levels. From the study at protein level, 
information concerning the catalytic properties, structural characteristics together with the 
physiological importance of A L D H can be obtained. On the other hand, the expression 
pattern of the gene and the importance of specific amino acids in the protein can be 
studied at nucleotide level. 
A liver c D N A library of the fish, black seabream (Mylio macrocephalus) is 
available in our Department (Prof. H.K. Cheng). Consequently, the liver of seabream is 
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chosen as the starting material for the study of fish A L D H at the protein level, which can 
be supplemented with the supply at the nucleotide level in the future. 
The purpose of the present study is to purify the acetaldehyde-oxidizing A L D H 
isoforms from the liver of black seabream. Kinetic properties and the structural 
information from the N-terminal amino acid sequencing of the purified enzyme(s) will be 
carried out. 
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Chapter 2 Purification and Characterization of Seabream 
ALDH-2 and Antiquitin 
2.1 Introduction 
ALDH-1 and ALDH-2 are two closely related isoforms in the extended A L D H 
family. They possess similar kinetic properties and structural characteristics. As both of 
them have similar activity towards acetaldehyde, effective separation of these two classes 
in early purification step is necessary. 
Previous study on the purification of A L D H involves numerous non-specific steps 
such as ion-exchange and size exclusion chromatography. These series of purification 
steps increase enzyme denaturation, and result in a low recovery (Nagai, 1999). Affinity 
gel, p-hydroxyacetophenone Sepharose and a-cyanocinnamate Sepharose have been 
discovered to be effective in binding ALDH-1 and ALDH-2. Chromatography on the 
former affinity gel can bind both classes of bovine A L D H , but also being eluted together 
under the reported condition, therefore, fail to separate the two isoforms (Ghenbot & 
Weiner, 1992). For a-cyanocinnamate Sepharose, its ability to bind ALDH-1 seems to be 
species specific. It can bind human (Raskovetsky et al., 1994) but not rat (Poole & 
Halestrap, 1989) ALDH-1. Nevertheless, the use of a-cyanocinnamate Sepharose is a 
potential chromatographic step to separate and purify ALDH-1 or other members of 
A L D H from ALDH-2 in the liver of seabream. 
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2.2 Materials 
Black seabream was obtained from local market. After the fish was sacrified，liver 
was taken out and stored at -80°C until use. Propionaldehyde, benzaldehyde, NAD+， 
NADP+，potassium phosphate, sodium pyrophosphate, E D T A， D T T , benzamidine, 
ammonium sulfate, ethanolamine, ;?-hydroxyacetophenone, a-cyano-4-
hydroxycinnamate, 4-methylpyrazole, M T T , phenazine methosulfate，;?-nitrophenyl 
acetate, were purchased from Sigma. Acetaldehyde was a product from Merck. Affi-gel 
Blue Agarose was from Bio-Rad. Glycerol, lEF gel 3 - 9，gradient 8 - 25 % native gel, 
epoxy-activated Sepharose 6B were products of Amersham-Pharmacia. All other 
chemicals were of analytical grade. The whole purification procedures were carried out at 
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2.3 Methodology 
2.3.1 Preparation of Crude Tissue Extract 
Various tissues were removed after the fish was killed. The tissues were 
homogenized in 1 m M EDTA, 1 m M DTT, 2 m M benzamidine, 30 m M potassium 
phosphate, pH 6.0 (1:1, w/v) using a polytron (Kinematics) at 4。C. The homogenate was 
then centrifuged at 100,000 x g for 1 hour and the supernatant was collected for further 
analysis. 
2.3.2 Synthesis of a-Cyanocinnamate Sepharose 
a-Cyanocinnamate Sepharose was prepared according to Poole and Halestrap 
(1989). Freeze-dried epoxy-activated Sepharose 6B powder was first suspended and 
washed with distilled water (200 mL/g powder). The gel suspension was mixed with 500 
m M a-cyano-4-hydroxycinnamate in 20 m M sodium phosphate buffer, p H 10.0 in a ratio 
of 2:3. The suspension was gently stirred for 24 hours at room temperature. The 
remaining activated sites on the support were blocked with 100 m M ethanolamine, p H 
8.0 mixed overnight at room temperature. a-Cyanocinnamate Sepharose was finally 
washed thoroughly with three cycles of alternating pH. Each cycle consisted of a wash 
with 0.5 M NaCl, 0.1 M sodium acetate buffer, pH 4.0, followed by a wash with 0.5 M 
NaCl，0.1 M Tris-HCl buffer, pH 8.0. The a-cyanocinnamate Sepharose was stored at 
4°C in 0.02 % sodium azide until use. 
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2.3.3 Synthesis ofjo-Hydroxyacetophenone Sepharose 
The coupling of p-hydroxyacetophenone Sepharose was done according to the 
procedure of Ghenbot and Weiner (1992). Epoxy-activated Sepharose 6B was 
resuspended in water (1 g/rtiL) and allowed to swell for 1 hour at room temperature. The 
suspension was suction dried on a sintered glass funnel and washed with 0.1 M N a O H 
solution. The gel was then added to 0.5 M p-hydroxyacetophenone solution in 0.1 M 
NaOH. After the p H was adjusted to 11.0，the suspension was incubated at 45。C for 15 
hours with gentle shaking. The product was then cooled to room temperature, placed on a 
sintered glass funnel, and washed with 10 volume of deionized water to remove unreacted 
ligand. This was followed by alternative wash with 0.5 M NaCl, 0.1 M sodium 
bicarbonate buffer, p H 8.0 and 0.5 M NaCl, 0.1 M sodium acetate buffer, p H 4.0, and 
finally with deionized water. The product was incubated in 100 m M ethanolamine, p H 
8.0 with gentle mixing overnight at room temperature to block the unreacted epoxy 
groups. The gel was finally washed with deionized water and stored at 4。C in 0.02 % 
sodium azide until use. 
2.3.4 Purification of ALDH-2 
In a typical preparation, 40 g liver of seabream was used. The liver was 
homogenized in 1 m M EDTA, 1 m M DTT, 2 m M benzamidine, 30 m M potassium 
phosphate, pH 6.0 (1:1, w/v). The homogenate was centrifuged at 100,000 x ^  for 1 hour. 
The supernatant collected was loaded onto an a-cyanocinnamate Sepharose column (1.5 
X 5.5 cm). The column was washed with the homogenizing buffer and finally eluted with 
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the same buffer composition at pH 7.6 containing 2 m M a-cyano-4-hydroxycinnamate. 
The active fractions were pooled and dialyzed overnight against 1 m M E D T A , 1 m M 
DTT，2 m M benzamidine，20 % glycerol, 20 m M potassium phosphate, p H 7.4. 
Subsequently, the dialyzed sample was loaded onto another affinity column, p-
hydroxyacetophenone Sepharose (1.0 x 8.0 cm). The unbound protein was washed away 
with the same buffer and the column was finally eluted with 10 m M p-
hydroxyacetophenone in buffer. The purified enzyme was stored at 一70°C after dialysis 
against the homogenizing buffer with 20 % glycerol. 
2.3.5 Purification of Antiquitin 
The flow-through fraction from a-cyanocinnamate Sepharose was immediately 
loaded onto an Affi-gel Blue Agarose column (1.5 x 7 cm) equilibrated with 
homogenizing buffer. The column was first washed with 1 M NaCl, 20 % glycerol and 
then eluted with 5 m M NAD+. The active fractions were pooled and dialyzed against the 
homogenizing buffer. The sample was then subjected to 50 - 70 % ammonium sulfate 
precipitation. The pellet was dissolved and dialyzed against 1 m M EDTA, 1 m M DTT, 2 
m M benzamidine, 20 % glycerol, 30 m M potassium phosphate, p H 6.0 before being 
stored at -70°C. 
2.3.6 Enzyme and Protein Assays 
Enzyme activity was determined by measuring the rate of N A D H production at 
340 nm with an extinction coefficient of 6,220 The enzyme activity assay for all 
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substrate was conducted in 0.1 M sodium pyrophosphate, p H 9.5 containing 2.5 m M 
N A D + at 25。C using a Ultrospec 3000 spectrophotometer (Amersham-Pharmacia). For 
ALDH-2, 0.5 m M acetaldehyde was used for enzyme activity assay; while 35 m M 
acetaldehyde was used to measure the activity of antiquitin. Alternatively, the activity was 
determined fluorometrically with excitation and emission wavelengths of 355 and 460 n m 
respectively using a Luminescence Spectrometer LS 50B (PerkinElmer). The activity of 
crude extract was measured as described above except a 5-minute pre-incubation in the 
presence of 0.5 m M 4-methylpyrazole to correct for background. One unit of 
dehydrogenase activity refers to the production of 1 jimol of NADH/min. 
Generally, the kinetic parameters of the enzyme towards various aldehydes were 
determined by the Lineweaver-burk plot analysis. For some substrates with high affinity 
towards ALDH-2, the kinetic parameters were determined by the single reaction progress 
curve method (Klyosov & Berezin，1972; Rashkovetsky, et al, 1994). This increases the 
accuracy of the kinetic parameters obtained (Klyosov & Berezin, 1972). Briefly, the 
method is based on a modified integrated form of the Michaelis-Menten equation, 
where the left- hand side is the difference, in any appropriate units such as fluorescence, 
Di，- Di = V m A - K m ln[(Doo - Di) / (Doo - Di，)], 
between any two points (Di'and Di) on the progress curve, separated by a constant period 
of time A; Doo is the constant baseline in the same unit. A plot of Di’ - Di vs. ln[(Doo - Di) 
/ (Doo - Di')] for a series of points along the progress curve will give a straight line with 
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slope -Km, ordinate intercept of V m A and abscissa intercept of V m A / K m , providing that 
readily detectable complications, such as product inhibition and baseline drift, are absent. 
The esterase activity was examined by following the conversion of;7-nitrophenyl 
acetate (5 [xM) to jc^ -nitrophenol spectrophotometrically at 400 n m in 0.1 M sodium 
phosphate, p H 7.5 (Mukerjee et a/” 1992). 
Protein concentration was determined by the dye-binding method of Bradford 
(1976)，using bovine serum albumin as standard. To each 0.8 m L of sample, 0.2 m L 
Bradford's protein reagent was added and the absorbance was measured at 595 n m after 
10 minutes. 
2.3.7 Electrophoretic Procedures 
2.3.7.1 Sodium Dodecyl Sulfate Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) 
Electrophoresis on SDS-polyacrylamide gel was performed according to the 
method of Laemmli and Favre (1973) using 12 % separating gel and 5 % stacking gel. 
Samples were diluted with sample loading buffer (10 % glycerol, 0.4 % SDS，0.005 % 
bromophenol blue, 20 m M E D T A and 5 % p-mercaptoethanol in 0.5 M Tris-HCl，pH 
7.5). The samples were boiled for 5 minutes and cooled to room temperature before 
loaded onto the polyacrylamide gel. Electrophoresis was performed at a constant voltage 
of 140 V at room temperature. After the tracking dye reached the bottom of the gel, 
electrophoresis was terminated. The gel was stained with 0.05 % Coomassie brilliant blue 
R-250 in acetic acid/ methanol/ water (1:3:10) and destained with acetic acid/ methanol/ 
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water (1:3:10) until the background was clear. The subunit molecular mass of the protein 
was estimated by using the molecular mass calibration kit comprised of phosphorylase b 
(97.0 kDa), bovine serum albumin (66.0 kDa), ovalbumin (45.0 kDa), carbonic anhydrase 
(30.1 kDa), soybean trypsin inhibitor (20.1 kDa) and a-lactabumin (14.4 kDa). 
2.3.7.2 Native Polyacrylamide Gel Electrophoresis 
Native polyacrylamide gel electrophoresis was performed on a continuous 8 - 25 
% gradient gel under a non-denaturing condition maintained by the native buffer strips of 
0.88 M L-alanine and 0.25 M Tris, pH 8.8，using the PhastSystem (Amershem-
Pharmacia) according to manufacturer's instructions. Gel was stained with 0.05 % 
Coomassie brilliant blue and destained accordingly. The native molecular mass of protein 
was estimated by using the high molecular mass calibration kit comprised of 
thyroglobulin (669 kDa), ferritin (440 kDa), catalase (232 kDa), lactate dehydrogenase 
(140 kDa) and bovine serum albumin (67 kDa). 
2.3.7.3 Isoelectric focusing (lEF) 
Isoelectric focusing was performed on an lEF 3 - 9 gel with the use of 
PhastSystem (Amsersham-Pharmacia) according to manufacturer's instructions. The gel 
was fixed with 20 % trichloroacetic acid for 5 minutes and washed with 50 % ethanol, 10 
% acetic acid for 2 minutes, followed with 10 % ethanol, 5 % acetic acid for 2 minutes. 
Proteins were stained with silver staining reagent. 
The lEF gel was also stained for A L D H activity by incubation in the dark with 50 
m L 0.1 M Tris-HCl，pH 8.5, containing 2.5 m M NAD+, 0.3 m M M T T , 0.13 m M 
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phenazine methosulfate, 10.7 m M potassium chloride and 0.5 m M or 35 m M 
acetaldehyde. Staining was stopped by washing in 10 % (v/v) acetic acid for 5 minutes. 
The pi value of the protein was estimated by using the pi calibration kit comprised of p-
lactoglobulin A (pi = 5.2), bovine carbonic anhydrase B (pi = 5.85), human carbonic 
anhydrase B (pi = 6.55), horse myoglobin-basic band (pi = 7.35), lentil lectin-acidic band 
(pi = 8.15), lentil lectin-middle band (pi = 8.45) and lentil lectin-basic band (pi = 8.65). 
2.3.7.4 N-terminal Amino Acid Sequencing 
The purified protein was sent to Molecular Biology Resource Facility, William K. 
Warren Medical Research Institute, The University of Oklahoma Health Sciences Centre, 
U S A for N-terminal amino acid sequencing, using an Perkin-Elmer, Applied Biosystem 
division, Procise model 492 equipped with an on-line PTH-amino acid analyzer and 
model 61 OA data system. 
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2.4 Results 
2.4.1 Tissue Distribution of A L D H 
The distribution of A L D H in various tissues was determined from the specific 
activities at two acetaldehyde concentrations (0.5 & 35 m M ) and at 5 m M benzaldehyde 
(Table 2.1). A m o n g the tissues examined, kidney, liver and muscle showed a high 
specific activity towards these substrates, with kidney having the highest specific 
activities under all the three assay conditions. The specific A L D H activities of the kidney 
extract were 3 fold, 10 fold and 14 fold higher than those of the liver at 0.5 m M , 35 m M 
acetaldehyde and 5 m M benzaldehyde respectively. Comparatively, intestine, brain，eye, 
heart and gill, had very low specific activities and their acetaldehyde oxidizing abilities at 
0.5 m M were even undetectable. In eye, activity could be detected with 5 m M 
benzaldehyde, but not acetaldehyde. Similarly, the aldehyde oxidizing ability of the crude 
extract of gill could only be detected at 35 m M acetaldehyde. Generally, under the two 
acetaldehyde substrate concentrations, the activities of the crude tissue extracts in 
seabream increased with increasing substrate concentration. In liver, there was a 3 fold 
increase of activity from 0.5 m M to 35 m M acetaldehyde; while the difference was even 
higher in kidney and muscle with 11 and 12 fold increase respectively. On the other hand, 
5 m M benzaldehyde seemed to be a better substrate for the crude extract of kidney, liver 
and muscle than acetaldehyde at 0.5 m M , as the activities obtained were relatively higher. 
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Table 2.1 Tissue distribution of seabream A L D H activity. 
Proteinb Activity (U/mL) Specific activity (U/mg) 
Tissue^ content o.SmM。 35mM^ 5mM' 
(mg/mL) acetaldehyde acetaldehyde benzaldehyde acetaldehyde acetaldehyde benzaldehyde 
Kidney 9.85 0.117 1.357 0.833 0.0119 0.1378 0.0846 
Liver 19.68 0.079 0.256 0.117 4 x 10"^  0.0130 5.9 x 10"^  
Muscle 10.08 9.6 x 10"^  0.177 0.048 1 x 10'^  0.0176 4.8x 10.3 
Intestine 14.88 N D ] 0.034 5x 10"^  - 2.3 x 10"^  3 x 10"^  
Brain 9.40 ND」 0.063 0.01 - 6.7 xlO'' 1.1x10"' 
Eye 4.67 ND^ - 6x 10'^  - - 1.3x10-3 
Heart 10.09 ND^ 0.074 9.6 x 10"^  - 7.3x10.3 1 x 10'^  
Gill 12.62 NDd 0.055 - — 4.4 x 10"^  -一 
^The preparation of tissue extracts was described in Section 2.3.1. 
b Protein content was determined by the method of Bradford as mentioned in Section 
2.3.6. 
c A L D H activity was determined with 0.5 m M 4-methylpyrazole, 2.5 m M NAD+in 0.1 
sodium pyrophosphate, pH 9.5 using 0.5 m M and 35 m M acetaldehyde, and 5 m M 
benzaldehyde as substrate, after a 5 minute pre-incubation to correct for background, 
d ND: Not detectable. 
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2.4.2 Purification and Molecular Properties of ALDH-2 
In the first step to purify A L D H from the liver of seabream, affinity 
chromatography on a-cyanocinnamate Sepharose (Figure 2.1) was used. Liver 
homogenate was loaded onto this affinity column and the unbound protein was washed 
away with 1 M NaCl. When the absorbance at 280 n m became zero, a-cyano-4-
hydroxycinnamate was applied for elution. A major peak of activity from the eluate was 
detected with 0.5 m M acetaldehyde. The purity of the sample was analyzed by SDS-
P A G E (Figure 2.2). After the chromatography on a-cyanocinnamate Sepharose, more 
than 90 % of the impurity was being removed, only a contaminant protein with subunit 
molecular mass of about 28 kDa was observed. This active eluate collected from a-
cyanocinnamate Sepharose column was subjected to another affinity chromatography on 
p-hydroxyacetophenone Sepharose (Figure 2.3). The eluate from the p-
hydroxyacetophenone Sepharose column showed a single band with subunit molecular 
mass of 56.0 kDa. Under native condition, the purified protein indicated a band with 
molecular mass of 245 kDa (Figure 2.4), which showed the tetrameric structure of the 
protein. Isoelectric focusing of the sample showed a band with a pi value of 5.6 as stained 
by silver staining reagent (Figure 2.5). This protein band could also be visualized under 
activity staining which confirmed its ability to oxidize acetaldehyde. 
In summary, 1.1 m g of purified enzyme was obtained from 40 g seabream liver 
with a specific activity of 8.50 U/mg (Table 2.2). The recovery of the purification scheme 
was 40 % and the protein was purified by 425 fold. 
Twenty-nine amino acid residues were identified by N-terminal amino acid 
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Figure 2.1 Chromatography of seabream liver extract on a-cyanocinnamate 
Sepharose. The liver homogenate was loaded onto the column (1.5 x 5.5 cm) equilibrated 
with 1 m M EDTA, 1 m M DTT, 2 m M benzamidine, 30 m M potassium phosphate, pH 
6.0. The enzyme was eluted with 2 m M a-cyano-4-hydroxycinnamate at p H 7.6. Activity 
was determined with 2.5 m M NAD+, 0.5 m M acetaldehyde, in 0.1 M sodium 
pyrophosphate, pH 9.5. 
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Figure 2.2a SDS-PAGE analysis of seabream ALDH-2. Lane 1，100,000 x g 
supernatant; Lane 2, a-cyanocinnamate Sepharose eluate; Lane 3, p-
hydroxyacetophenone Sepharose eluate; Lane 4, molecular weight markers including 
phosphorylase b (97.0 kDa), bovine serum albumin (66.0 kDa)，ovalbumin (45.0 kDa), 
carbonic anhydrase (30.1 kDa), soybean trypsin inhibitor (20.1 kDa) and a-lactabumin 
(14.4 kDa). 
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Figure 2.2b Calibration curve of molecular weight markers including phosphorylase b 
(97.0 kDa), bovine serum albumin (66.0 kDa), ovalbumin (45.0 kDa), carbonic anhydrase 
(30.1 kDa), soybean trypsin inhibitor (20.1 kDa) and a-lactabumin (14.4 kDa) on SDS-
polyacrylamide gel electrophoresis. 
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Figure 2.3 Chromatography of a-cyanocinnamate Sepharose eluate on p-
hydroxyacetophenone Sepharose. The active fraction from a-cyannocinnamate Sepharose 
eluate was loaded onto the column (1.0 x 8.0 cm) equilibrated with 1 m M E D T A , 1 m M 
DTT, 2 m M benzamidine，20 m M potassium phosphate, pH 7.6. The enzyme was eluted 
with 10 m M j^-hydroxyacetophenone. Activity was determined with 2.5 m M NAD+，0.5 
m M acetaldehyde，in 0.1 M sodium pyrophosphate, pH 9.5. 
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Figure 2.4a Native electrophoresis of seabream ALDH-2 on an native 8 - 25 % 
gradient polyacrylamide gel. Lane 1, /^-hydroxyacetophenone Sepharose eluate; Lane 2, 
high molecular weight markers including thyroglobulin (669 kDa), ferritin (440 kDa), 
catalase (232 kDa), lactate dehydrogenase (140 kDa) and bovine serum albumin (67 
kDa). 
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Figure 2.4b Calibration curve of high molecular weight markers including 
thyroglobulin (669 kDa), ferritin (440 kDa), catalase (232 kDa), lactate dehydrogenase 
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Figure 2.5a Isoelectric focusing of seabream ALDH-2 on lEF 3 - 9 gel. Lane 1, pi 
markers including P-lactoglobulin A (pi = 5.20), bovine carbonic anhydrase B (pi = 5.85), 
human carbonic anhydrase B (pi = 6.55), horse myogloboin-basic band (pi = 7.35), lentil 
lectin-acidic band (pi = 8.15)，lentil lectin-middle band (pi = 8.45) and lentil lectin-basic 
band (pi = 8.65); Lane 2，j^-hydroxyacetophenone eluate stained by silver staining; Lane 
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Figure 2.5b Calibration curve of pi markers including p-lactoglobulin A (pi = 5.2)， 
bovine carbonic anhydrase B (pi = 5.85), human carbonic anhydrase B (pi = 6.55), horse 
myogloboin-basic band (pi = 7.35), lentil lectin-acidic band (pi = 8.15), lentil lectin-
middle band (pi = 8.45) and lentil lectin-basic band (pi = 8.65) on lEF 3 - 9 gel. 
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Table 2.2 Purification table of seabream ALDH-�^. 
Total Total Specific YieldPurification 
Purification step^  activity。 protein^  activity 
(U) (mg) (U/mg) (%) (fold) 
100, 000 x g 
supernatant 23.3 1486 0.02 100 1 
a-cyanocinnamate 
Sepharose eluate 10.7 4.4 2.36 46 118 
/7-hydroxyacetophenone 
Sepharose eluate 1.1 ^.50 40 425 
a From 40 g seabream liver. 
bThe detail procedures for the purification of seabream ALDH-2 were described in 
Section 2.3.4. 
caLDH activity was determined with 2.5 m M NAD+，0.5 m M acetaldehyde in 0.1 M 
sodium pyrophosphate, pH 9.5. 
d 
Protein concentration was determined by the method of Bradford as mentioned in 
Section 2.3.6. 
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Table 2.3 Sequence alignment of the N-terminal amino acid sequence of seabream 
ALDH-2 with those of other species. 
Seabream S A A A - - - I P A P N T Q P D V H Y S K L F I N N Q W H D A V 
Grass ca rp T ,I P A P N I H P D.V Y Y N K I F I N N ,E W H D A E 
Human S A A A' T Q A V P A P N Q Q P :E V F T N Q I F I N N E W H D A V 
Bovine S A : A - T Q A V P T P‘：M Q Q P : E L 籠 N Q I F I N N E W H D A V 
Hamster S A A A T S A V P A P N Q Q p ' e V F C N Q I F I N N E W H D A V 
； H o r s e A A A A T Q A V P A P" N Q Q P'-E V F | | N Q I F I N N E W H D A V 
Mouse S A A A T S A V P A P N H Q P : E V F C N Q I F I N N : E W H D A V 
Rat S A A A T S A V P A P N Q Q P - E V F C N Q I F I N N E W H D A V 
The sequence was aligned with mitochondrial ALDH-2 from different mammalian 
species (Hempel et al” 1985; Farres et aL, 1988; Guan & Weiner, 1990; Chang & 
Yoshida，1994; Johansson et al., 1988) and grass carp (Fong & Choy, 2001). Shaded j 
： ！il, 




2. Blastp analysis of this protein sequence showed a 69 % homology with human 
(Hemple et al., 1985), hamster, rat (Farres J et al., 1988)，mouse (Chang & Yoshida， 
1994) and horse (Johansson et al,, 1988) ALDH-2; 66 % homology with bovine ALDH-2 
(Guan & Weiner，1990)，and only 62 % with grass carp ALDH-2 (Fong & Choy, 2001). 
2.4.3 Kinetics Properties of ALDH-2 
Optimal activity for acetaldehyde oxidation of seabream ALDH-2 was observed at 
pH 8.5 (Figure 2.6). From the study of pH stability, after a 10 minute incubation in 
buffers of different pH, the protein was found to be very unstable at alkaline medium 
(Figure 2.7). At neutral pH (6 - 8), 40 一 50 % activity of the enzyme was remained. 
Thereafter, increase in alkalinity of the condition from pH 8.0 to 9.0, decreased the 
percentage activity of the enzyme from 50 % to 0 %. When pH reached 9.0 or above, the 
enzyme became totally inactive. Several chemicals, namely DTT, N A D + and glycerol, 
were added during incubation in an attempt to stabilize the enzyme. One m M D T T did 
not afford any protection. The co-factor, NAD+, could decrease by about 50 % of enzyme 
inactivation between pH 6.0 - 8.0. But at higher pH (10.0 - 11.0)，NAD+ could no longer 
protect the protein and resulted in total loss of activity. Comparatively, glycerol was the 
most effective stabilizer. From pH 6.0 to 9.5, 20 % glycerol was about 10 % more 
effective than N A D + in stabilizing the enzyme. However, at extreme pH (10.0 - 11.0)，no 
stabilization effect of the enzyme could be observed with the addition of glycerol. 
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Figure 2.6 Activities of seabream ALDH-2 at different pH. The activity was 
determined with 2.5 m M NAD+，0.5 m M acetaldehyde in 0.1 M Hepes buffer (—O_ -
pH 6.5 - 8.0), sodium pyrophosphate buffer (—〇一,pH 8.0 - 10.0). 
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Figure 2.7 pH stability of seabream ALDH-2 in different conditions. The enzyme was 
incubated in (A) 0.1 M Hepes buffer, pH 6.5 - 8.0, (B) sodium pyrophosphate buffer, pH 
8.0 - 9.5 or (C) glycine-OH buffer, pH 9.0- 11.0 for 10 minutes before the activity was 
determined with 2.5 m M NAD+, 0.5 m M acetaldehyde in 0.1 M sodium pyrophosphate, 
pH 9.5. Different curves indicated the enzyme was incubated in buffer only (一•一)， 
together with 2 m M N A D + (—•—), 1 m M D T T (—〇一）or 20 % glycerol (—A—). 
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The purified protein was heat-unstable (Figure 2.8). When the enzyme was 
incubated at 30°C for 10 minutes, half of the activity was loss. Even at 4°C, only 68 % 
activity could be observed and it became totally inactivated at 60°C. With the addition of 
DTT, the activities obtained at different temperatures were similar to those without DTT, 
thus D T T could not act as a stabilizer of the protein against temperature inactivation. 
Incubation with 20 % glycerol could restore about 15 % of the activity from 4°C to 50°C, 
but the enzyme still became totally inactivated at 60°C. Compare to D T T and NAD+，the 
stabilization effect of glycerol was already the best. 
The purified enzyme showed esterase activity (Figure 2.9). Hydrolysis of p-
nitrophenyl acetate at 5 jjJVI was observed by the action of enzyme. Increasing 
concentration of N A D + could activate this esterase activity from less than 0.2 U/mg to a 
maximum of 3 U/mg at 0.5 m M NAD+. Further increase in the concentration of N A D + 
beyond 0.5 m M led to a slight decrease in activity. Neither N A D P + nor A M P could 
activate such esterase activity. 
The catalytic activity of the purified ALDH-2 was N A D + dependent (Table 2.4). 
The co-factor had a K m value of 0.4 m M for the oxidation of acetaldehyde. The 
acetaldehyde oxidizing activity of the enzyme was pH dependent. At pH 7.5，the affinity 
towards this substrate was lower than that at pH 9.5 with K m values of 0.015 m M and 
0.009 m M respectively. The maximum velocity was also decreased by 1.6 fold from 11.5 
U/mg at pH 9.5 to 7.0 U/mg at pH 7.5. Besides acetaldehyde, propionaldehyde and 
octanal were also substrates of the enzyme. They shared the same K m value of 7 |j,M at 
pH 9.5, but differed slightly in their Vmax values. Maximum velocity of propionaldehyde 
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Figure 2.8 Temperature stability of seabream ALDH-2 in different conditions. 
The enzyme was incubated in 0.1 M Hepes buffer, pH 7.5 only (一•一)，or together 
with 2 m M N A D + (—•—), I m M D T T (-—〇---)or 20% glycerol (--A--) at 
different temperature for 10 minutes before the activity was determined with 2.5 m M 
NAD+，0.5 m M acetaldehyde in 0.1 M sodium pyrophosphate, pH 9.5. 
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Figure 2.9 Response of seabream ALDH-2 on esterase activity with increasing N A D + 
(——•——)，NADP+ (—〇一)or A M P (—•—) concentration. The esterase activity was 
determined with 5 |liM p-nitrophenyl acetate in 0.1 M sodium phosphate, pH 7.5， 
containing different concentrations of effectors. 
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Table 2.4 Substrate specificities of seabream A L D H . 
ALDH-2 Antiquitin 
Substrate — 
pH K m Vmax K m V m a x 
(mM) (U/mg) (mM) (U/mg) 
7.5a Acetaldehyde'' 0.015 7.0 1.42 0.52 
9.5b Acetaldehyde" 0.009 10.5 2.0 1.2 
Propionaldehyde" 0.007 9.3 0.78 2.2 
Octanal" 0.007 8.3 0.008 0.96 
Benzaldehydee ND^ ND^ 0.35 0.41 
Betaine aldehyde' ND^ ND^ ND^ ND^ 
NAD+b 0.4^  - 0.16' --
a Enzymatic activity was determined in 0.1 M sodium phosphate, pH 7.5. 
b Enzymatic activity was determined in 0.1 M sodium pyrophosphate, pH 9.5. 
e Kinetic constant for aldehyde was determined at 2.5 m M NAD+. 
d K m for N A D + was determined at 0.5 m M acetaldehyde. 
e K m for N A D + was determined at 35 m M acetaldehyde. 
^ND: not detectable. 
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and octanal were 9.3 U/mg and 8.3 U/mg respectively. N o N A D + reduction was observed 
when betaine aldehyde and benzaldehyde were used as substrates. 
The effects on enzyme activity by various inhibitors were studied at 9 )iM 
acetaldehyde which represents the K m value for ALDH-2 (Table 2.5). When 6.25 and 
12.5 |liM a-cyano-4-hydroxycinnamate was present in the assay medium, only 68 % and 
47 % activities could be retained respectively. For /7-hydroxyacetophenone, 20 j^M and 40 
|iM of the inhibitor could decrease the activities of the enzyme towards 9 jaM 
acetaldehyde to 70 % and 68 % respectively. 
2.4.4 Purification and Molecular Properties of Antiquitin 
Chromatography of the seabream liver extract on a-cyanocinnamate Sepharose 
besides giving a major peak of acetaldehyde oxidizing activity in the eluate, a significant 
amount of activity was also observed in the flow-through fraction (Figure 2.1). This flow-
through fraction was then loaded directly onto another affinity chromatographic column, 
Affi-gel Blue Agarose, fpr further purification (Figure 2.10). Unbound proteins were 
washed away with 1 M NaCl, 20 % glycerol in buffer. After the application of 5 m M 
NAD+, a peak of activity was detected. After this chromatographic step, more than 95 % 
of the impurities were being removed as analyzed by the SDS-PAGE (Figure 2.11). Thus, 
a further purification step has to be carried out. The active fraction from the eluate of 
Affi-gel Blue Agarose was precipitated by 50 - 70 % ammonium sulfate. The precipitated 
protein was then subjected to SDS-PAGE, a single band with subunit molecular mass of 
57.5 kDa was observed (Figure 2.11). Other electrophoretic techniques were also used to 
analyze the purity of the sample. Under native condition, a protein band 
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Table 2.5 Effect of inhibitors on seabream ALDH-2 and antiquitin 
Acetaldehyde (mM) 
Inhibitor 0.009 2 
ALDH-2 Antiquitin 
Without inhibitor 100 % 100 % 
K M . 68 0/0 100 o/o 
a-cyano-4-hydroxycinnamate 
1 琴 … . . 47 0/0 100 0/0 
a-cyano-4-hydroxycinnamate 
華 “ T . 7 0 % 100 O/O 
p-hydroxyacetophenone 
華“ 十, 68 0/0 100% ；>hydroxyacetophenone 
Activity was measured at 2.5 m M NAD+，0.1 M sodium pyrophosphate, pH 9.5 with 9 
|LIM and 2 m M acetaldehyde for seabream ALDH-2 and antiquitin respectively. 
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Figure 2.10 Chromatography of a-cyanocinnamate Sepharose flow-through fraction on 
Affi-gel Blue Agrose. Flow-through fraction from a-cyanocinnamate Sepharose was 
loaded onto the column (1.5 x 7.0 cm) equilibrated with 1 m M EDTA, 1 m M DTT, 2 m M 
benzamidine, 30 m M potassium phosphate, pH 6.0. The enzyme was eluted with 5 m M 
NAD+. Activity was determined with 2.5 m M NAD+，35 m M acetaldehyde, in 0.1 M 
sodium pyrophosphate, pH 9.5. 
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Figure 2.1 la SDS-PAGE analysis of seabream antiquitin. Lanes 1 & 5, molecular 
weight markers including phosphorylase b (97.0 kDa), bovine serum albumin (66.0 kDa), 
ovalbumin (45.0 kDa), carbonic anhydrase (30.1 kDa), soybean trypsin inhibitor (20.1 
kDa) and a-lactabumin (14.4 kDa); Lane 2，100,000 x g supernatant; Lane 3, a-
cyanocinnamate Sepharose flow-through; Lane 4，Affi-gel Blue Agarose eluate; Lane 6, 
50 - 70 % ammonium sulfate precipitate. 
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Figure 2.1 lb Calibration curve of molecular weight markers including phosphorylase b 
(97.0 kDa), bovine serum albumin (66.0 kDa), ovalbumin (45.0 kDa), carbonic anhydrase 
(30.1 kDa), soybean trypsin inhibitor (20.1 kDa) and a-lactabumin (14.4 kDa), on SDS-
polyacrylamide gel. 
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with molecular mass of 250 kDa was observed on an native 8 - 25 % gradient 
polyacrylamide gel (Figure 2.12). Together with the information obtained from the SDS-
PAGE, the protein was suggested to be a tetramer. Result from isoelectric focusing 
confirmed the purity of the sample (Figure 2.13). A single band with pi value of 5.2 was 
observed from the lEF 3 - 9 gel, stained by silver staining reagent. This band was also 
showed enzymatic activity from the activity staining of the lEF gel. 
To summarize, after the three purification steps, 0.9 m g of purified protein was 
obtained from 40 g liver of seabream with a specific activity of 1.28 U/mg (Table 2.6). A 
total of 4 % protein was recovered and the protein has been purified by 71 fold. 
Eighteen amino acid residues were determined by N-terminal amino acid 
sequencing and supported its identity as seabream antiquitin (Table 2.7). Blastp analysis 
of the protein sequence showed that it had an 83 % identity with human antiquitin (Lee et 
al., 1994)，61 % and 72 % identity with Mus musculus (AAH 12407, GenBank Database) 
and C. elegans antiquitin (NP 498263, GenBank Databeas) respectively. Comparatively, a 
lower sequence homology of less than 34 % was obtained with Pisum sativum (Guerrero 
et al” 1990), Brassica napus (Stroeher et al., 1995), apple (Yamada, 1999) Arabidoposis 
(NP 175812, GenBank Database) and Oryza sativa (AF 323586, GenBank Database) 
antiquitin. 
2.4.5 Kinetic Properties of Antiquitin 
Acetaldehyde oxidizing activity of antiquitin was pH dependent (Figure 2.14). At 
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Figure 2.12a Native electrophoresis of seabream antiquitin on an 8 - 25 % gradient 
polyacrylamide gel. Lane 1, high molecular weight markers including thyroglobulin (669 
kDa), ferritin (440 kDa), catalase (232 kDa), lactate dehydrogenase (140 kDa) and bovine 
serum albumin (67 kDa); Lane 2, 50 - 70 % ammonium sulfate fractionation. 
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Figure 2.12b Calibration curve of high molecular weight markers includes thyroglobulin 
(669 kDa), ferritin (440 kDa), catalase (232 kDa), lactate dehydrogenase (140 kDa) and 
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Figure 2.13a Isoelectric focusing of seabream antiquitin on lEF 3 - 9 gel. Lane 1, pi 
marker including P-lactoglobulin A (pi = 5.2), bovine carbonic anhydrase B (pi = 5.85), 
human carbonic anhydrase B (pi = 6.55), horse myoglobuin-basic band (pi = 7.35), lentil 
lectin-acidic band (pi = 8.15), lentil lectin-middle band (pi = 8.45) and lentil lectin-basic 
band (pi = 8.65); Lane 2, 50 - 70 % ammonium sulfate precipitate stained by silver 
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Figure 2.13b Calibration curve of pi markers including P-lactoglobulin A (pi = 5.2), 
bovine carbonic anhydrase B (pi = 5.85), human carbonic anhydrase B (pi = 6.55), horse 
myoglobulin-basic band (pi = 7.35), lentil lectin-acidic band (pi = 8.15)，lentil lectin-
middle band (pi 二 8.45) and lentil lectin-basic band (pi = 8.65) on lEF 3 - 9 gel. 
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Table 2.6 Purification table of seabream antiquitin"". 
Total Total Specific Yield Purification 
Purification step^  activity。 protein^  activity 
(U) (mg) (U/mg) (%) (fold) 
100,000 x g 
supernatant 27.2 1505 0.02 - -
a-cyanocinnamate 
Sepharose flow-through 24.6 1329 0.02 91 1 
Affi-gel Blue Agarose 
eluate 3.4 2.7 1.25 12 69 
(NH4)2S04 fractionation 
1.1 0.9 1.28 4 71 
a From 40 g seabream liver. 
bThe detail procedures for the purification of seabream antiquitin were described in 
Section 2.2.5. 
CALDH activity was determined with 2.5 m M NAD+, 35 m M acetaldehyde in 0.1 M 
sodium pyrophosphate, pH 9.5. 
dprotein concentration was determined by the method of Bradford as mentioned in 
Section 2.2.6. 
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Table 2.7 Sequence alignment of the N-terminal amino acid sequence of seabream 
antiquitin with those of other species. 
Seabream 5 G L L I N Q P K Y - S W L K E L G L 
Human S T L L I N Q P Q Y - A 
_ musculus S T L L I H H P Q Y - A 面 L Q D m W 
C.elegans S Q L L I N D S K Y - G F l f e c ^ E f•鎖懇 
� 去 • • , . , 
Pisum sativum G S D S N N L - G F p g l K 瑪 I • • 
Brassica napus G S A S K E - E F p f r ^ g l 麵 翻 
A 1 产 r ‘ 
Apple G F A K K E H - E F _ S A I 麵 
Arabidoposis G S A N N E 兩 - E F _ S : 钱 I ；Sg^l 
Oryza sativa G S F A R K i E H Q F A ；；房頓凝：猶 
The sequence was aligned with antiquitin from various species including human (Lee et 
al., 1994), Pisum stavium (Guerrero et al., 1990), Mus musculus (AAH 12407, GenBank 
Database), C. elegans (NP 498263, GenBank Databeas), Brassica napus (Stroeher et al., 
1995), apple (Yamada，1999)，Arabidoposis (NP 175812，GenBank Database) and Oryza 
sativa (AF 323586, GenBank Database). Shaded areas indicate residues that are identical 
with those in the seabream enzyme. 
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Figure 2.14 Activities of seabream antiquitin at different pH. The activity was 
determined with 2.5 m M NAD+, 35 m M acetaldehyde in 0.1 M Hepes buffer (—•—, 
pH 6.5 - 8.0)，sodium pyrophosphate buffer ( 一 〇 一 ， p H 8.0 - 10.0). 
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percent of the activity could be observed at pH about 7.8. Optimal acetaldehyde oxidizing 
activity of antiquitin was observed in alkaline medium at pH 9.0. 
However, when the protein was incubated in such alkaline medium, it became 
unstable (Figure 2.15). From pH 6.0 - 8.0, 90 % enzyme activity could be retained after 
10 minute incubation. However, when pH rose to about 8.3, only half of the activity could 
be observed. The remaining activity decreased from pH 8.5 to 10.0 where less than 10 % 
of the activity could be observed at p H 10.0. Several chemicals were tested as potential 
stabilizers to stabilize the protein against the pH induced inactivation. The percentage of 
activities obtained from the addition of 1 m M D T T to the incubation media at all pHs 
were nearly the same as those without DTT. Thus, this chemical could not protect the 
enzyme from pH denaturation. On the other hand, about 10 % extra stability could be 
gained by the addition of 20 % glycerol at both neutral (6.0 - 8.0) and alkaline (8.0 - 10.0) 
pH. Full protection of the enzyme was observed upon incubation with 2 m M NAD+. 
From pH 6.0 - 10.0, more than 90 % activity could be retained. Comparatively, N A D + 
was a good stabilizer for the protein upon pH inactivation. 
Besides, temperature stability of the purified protein was also studied (Figure 2.16). 
When the enzyme was incubated at temperature up to 40°C for 10 min，more than 90 % 
of its activity could be retained. Further increase in temperature caused inactivation of the 
enzyme; at 60°C, the enzyme was totally inactivated. No obvious differences were 
observed with the addition of either D T T or glycerol upon incubation. However, the 
effect of 2 m M N A D + showed a different pattern. About 100 % activity could be retained 
at all the temperatures examined, even when the enzyme had been incubated at 60°C for 
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Figure 2.15 pH stability of seabream antiquitin under different conditions. The enzyme 
was incubated in (A) 0.1 M Hepes buffer, pH 6.5 - 8.0，(B) sodium pyrophosphate buffer, 
pH 8.0 - 10.0 for 10 minutes before assayed for activity with 2.5 m M NAD+，35 m M 
acetaldehyde in 0.1 M sodium pyrophosphate, pH 9.5. Different curves indicated the 
enzyme was incubated in corresponding buffer only (—•—)’ together with 2 m M N A D + 
(—A—)，1 m M D T T (-—〇---)or 20 % glycerol (—A—). 
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Figure 2.16 Temperature stability of seabream antiquitin under different conditions. 
The enzyme was incubated in 0.1 M Hepes buffer, pH 7.5 only (一參一)，or together with 
2 m M NAD+(—•—)，1 m M D T T (---〇-—)and 20 % glycerol (---A—-) at different 
temperature for 10 minutes before being assayed with 2.5 m M NAD+，35 m M 
acetaldehyde in 0.1 M sodium pyrophosphate, pH 9.5. 
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10 minutes, 95 % activity could still be retained. Thus, N A D + was a good stabilizer of 
antiquitin upon heat denaturation. 
The protein catalyzed the NAD+-dependent acetaldehyde oxidizing reaction, and it 
had a K m value of 0.16 m M towards N A D + (Table 2.4). Besides, this catalytic property 
was pH dependent; at p H 9.5, the K m value for acetaldehyde was 2.0 m M and V m a x was 
1.2 U/mg; while at p H 7.5, the K m value was 1.42 m M which was 1.4 fold lower than 
that at pH 9.5, and the V m a x value had a 2.3 fold decrease at pH 7.5 having a value of 
0.52 U/mg. Propionaldehyde, octanal and benzaldehyde were also substrates of antiquitin 
with K m values of 0.78 m M , 0.008 m M and 0.35 m M respectively. N o N A D + reduction 
could be observed when betaine aldehyde was used as substrate. 
The effect of a-cyano-4-hydroxycinnamate and ;>hydroxyacetophenone towards 
antiquitin were studied (Table 2.5). Both of them did not show any inhibitory effect on 
the oxidation of 2 m M acetaldehyde. With the addition of 6.25 jiM and 12.5 |iM 
a-cyano-4-hydroxycinnamate and 20 jxM and 40 jiM j^-hydroxyacetophenone, 100 % of 
enzyme activity could still be retained. 
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Chapter 3 Discussion 
In the present investigation, two A L D H isoforms, ALDH-2 and antiquitin, were 
purified from the liver of black seabream. Their molecular and enzymatic properties, 
together with the data from the N-terminal amino acid sequencing were presented. With 
these information, several physiological functions of antiquitin were suggested. 
3.1 Tissue Distribution 
The tissue distribution of acetaldehyde-oxidizing A L D H in seabream was 
examined. As the determination of enzyme activity in the present study depends on its 
reducing ability of N A D + in the presence of acetaldehyde, other non-ALDH proteins in 
the crude extract that can utilize N A D + would interfere the accuracy of the assay. One of 
these examples is A D H . This enzyme is abundant in liver and can catalyze the oxidation 
of alcohol in the presence of NAD+. Besides alcohol, it can also utilize acetaldehyde as 
substrate but the affinity is relatively low. Therefore, 4-methylpyrozole was included in 
the assay medium to inhibit A D H activity and minimize its disturbance to the assay. 
Two concentrations, 0.5 m M and 35 m M , of acetaldehyde were used. Irrespective 
of the substrate concentration, the specific activity of the kidney extract was higher than 
that of the liver and was the highest among the tissues examined. This result was different 
from those reported in rainbow trout (Nilsson, 1988a) and grass carp (Choy，2000). In 
these two fish species, the specific A L D H activity in liver was approximately 3 time 
higher than that of the kidney. Therefore, certain class of A L D H may be present in the 
kidney of seabream, with an amount significantly higher than in the other species. Indeed, 
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several classes of acetaldehyde-oxidizing A L D H can be found in kidney including 
ALDH-1 (Bhat et aL, 1996; Ambroziak et al” 1999), ALDH-2 (Bhat et al” 1996) and 
B A D H (Guzman-partida & Valenzuela-Soto, 1998). They are reported to have a high 
affinity towards acetaldehyde with K m values at micromolar range, which means, at 0.5 
m M acetaldehyde, they can already perform their maximum activities. However, when 35 
m M acetaldehyde was used in the kidney of seabream, there was an 11.5 fold increase in 
activity. This may be due to the low affinity of an "unknown" A L D H towards the 
substrate which was unlikely to be ALDH-1, ALDH-2 nor B A D H . 
The high specific activity of crude liver extract together with the availability of 
liver c D N A library of seabream, which facilitate further work of A L D H at the nucleotide 
level, lead to the choice of this organ to be the starting material for the present study 
instead of kidney. 
3.2 N-terminal Amino Acid sequencing 
Twenty-nine amino acid residues from the N-terminus of one of the purified 
seabream enzyme showed an approximately 66 % identity with several mammalian 
ALDH-2, which revealed its identity as class 2 A L D H . On the other hand, about 94 % 
identity is observed within different mammalian ALDH-2 (Hjelmqvist et al., 1997). The 
overall positional identity between fish and mammalian ALDH-2 is expected to be 
higher. Three variable segments have been identified in mammalian ALDH-2 such as 
hamster, human, horse，bovine, rat and mouse (Hjelmqvist et al., 1997). These variable 
segments are located at (a) position 351 - 365, which has 47 % non-conserved residues; 
(b) position 46- 61, which has 38 % non-conserved residues; and (c) position 1-19, 
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which has 37 % non-conserved residues. These segments are about 5 folds more variable 
than the remaining sequences. On the other hand, from the tertiary structure of ALDH-2, 
the first 21 residues are found on the surface of the enzyme. They make no contact with 
other subunits in the tetramer (Ni et al., 1999) and are compatible with few functional 
consequences (Steimnetz et al., 1997). 
For another acetaldehyde-oxidizing isozyme purified from the liver of seabream, 
18 amino acid residues from the N-terminus revealed an 83 % identity with human 
antiquitin, again, supported its identity as seabream antiquitin. Antiquitin is a highly 
conserved protein, which shows a 60 % overall sequence homology between human and 
plant. However, less than 34 % identity was observed between seabream and plant 
antiquitins. From the alignment of human and plant antiquitins (Figure 1.2), the 
conserved region is not at the first 18 amino acid residues at the N-terminal. When 
comparing these amino acid residues of human and garden pea antiquitin, they only 
showed a 33 % identity, which is the same as that between the proteins from seabream 
and plant. Therefore, the low percentage of homology between seabream and the protein 
from plant antiquitin in this N-terminal region was not totally unexpected. 
3.3 ，Purification of Seabream A L D H 
The two purified enzymes, ALDH-2 and antiquitin, are evolutionary apart from 
one another according to the phylogenetic tree of the A L D H extended family (Perozich et 
al” 1999). They are located in two separate trunks of the tree. ALDH-2, belongs to "Class 
1/2，，，is likely to have a broad substrate specificity; and antiquitin, belongs to "Class 3", is 
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rather substrate specific. This implies that, they might share different enzymatic 
properties, which favor the separation of these two isoforms. 
3.3.1 Separation of Two Isoforms 
To isolate two or more isoforms from a single preparation, a chromatographic step 
which can effectively separate the isozymes is necessary. Their early separation would 
prevent the masking effect of one another as they have similar catalytic properties and 
facilitate their identification. In the present study, a-cyanocinnamate Sepharose 
chromatography plays this important role in the separation of the two A L D H classes, 
ALDH-2 and antiquitin, in the first step of the purification. 
When liver homogenate was loaded onto a-cyanocinnamate Sepharose column, a 
large portion of A L D H activity was being adsorbed but a significant amount was also 
detected in the flow-through fraction of the column. After rechromatography of the flow-
through fraction on the same a-cyanocinnamate Sepharose column, all the A L D H activity 
was again detected in the unbound fraction. This confirmed that the A L D H activity 
detected in the flow-through fraction was due to its inability to interact with the affinity 
gel but not the overloading of sample onto the column. Further characterization of these 
two acetaldehyde-oxidizing proteins revealed that the protein which was able to bind to 
the a-cyanocinnamate Sepharose column was ALDH-2, while that unable to bind was 
antiquitin. This difference in the binding ability of the proteins makes the affinity 
chromatography on a-cyanocinnamate Sepharose an effective method to separate the two 
isoforms. 
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Another less specific affinity gel, Affi-gel Blue Agarose, could also achieve the 
separation of these two isozymes. In general, chromatography on Affi-gel Blue Agarose is 
used in the purification of dinucleotide-binding proteins such as A D H (Tsui et al., 1996; 
Smilda et al., 1998) and A L D H (Fong & Choy，2001; Ryzlak & Pietmszko, 1988). The 
binding affinity of ALDH-2 in grass carp towards this gel is quite strong, a combination 
of NaCl and N A D + is needed to elute the protein (Fong & Choy，2001). In seabream, both 
ALDH-2 and antiquitin were able to bind onto Affi-gel Blue Agarose column (data not 
shown). The elution of ALDH-2 was the same as that of grass carp ALDH-2. However, 
the binding affinity of antiqutin towards this affinity gel was relatively weak when 
compared to ALDH-2. With the addition of N A D + only, antiquitin already detached from 
the column. The difference in elution condition could thus be used to separate the two 
isoforms from a crude preparation. However, the binding affinity on Affi-gel Blue 
Agarose is relatively less specific than that on a-cyanocinnamate Sepharose, it interacts 
with most dinucleotide-binding proteins instead of just binding A L D H . Therefore, other 
non-ALDH enzymes would also bind onto the column and eluted together with ALDH-2 
and antiquitin, resulting in low purity. With this consideration, chromatography on a_ 
cyanocinnamate Sepharose was finally chosen instead of Affi-gel Blue Agarose to 
facilitate the purification process. 
3.3.2 Binding Affinity on a-Cyanocinnamate Sepharose 
In addition to the interaction with ALDH-2, a-cyanocinnamate Sepharose has also 
been reported to bind ALDH-1. In the liver of human and hamster, both ALDH-1 and 
ALDH-2 can bind to the affinity column (Klyosov et al,, 1996). Elution of human A L D H -
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1 from the chromatography on a-cyanocinnamate Sepharose is achieved by a change in 
buffer pH，while the addition of a-cyano-4-hydroxycinnamate can elute ALDH-2. In 
contrast, the binding affinity of hamster ALDH-1 and ALDH-2 towards this affinity gel 
are the same. Both of them are eluted upon the addition of a-cyano-4-hydroxycinnamate. 
The binding of A L D H - 1 to a-cyanocinnamate Sepharose is not observed in all other 
species. For example in rat, no ALDH-1 binds to the affinity medium instead, it appears 
in the flow-through fraction of the column, only ALDH-2 is being adsorbed by the gel 
(Poole & Halestrap，1989). Apart from mammalian A L D H , a-cyanocinnamate Sepharose 
is also capable of binding sub-mammalian A L D H . In grass carp, A L D H - 2 is the only 
form that binds onto a-cyanocinnamate Sepharose column (Fong & Choy, 2001). N o 
class 1 A L D H has been detected in the hepatopancreas of grass carp. In conclusion, the 
binding affinity of ALDH-1 towards this affinity gel seems to be species specific. 
Anyway a-cyanocinncamte Sepharose is still a potential chromatographic method to 
separate ALDH-1 and ALDH-2. 
In the present investigation, chromatography on a-cyanocinnamate Sepharose was 
used as the first step of purification. Therefore, any A L D H in the homogenate that can 
interact with the affinity gel would bind onto the column. Nevertheless, ALDH-2 was the 
only isoform being eluted from the affinity medium, and in the flow-through of a-
cyanocinnamate Sepharose column, only antiquitin was being observed. Another affinity 
column, ；7-hydroxyacetophenone Sepharose has also been reported to bind ALDH-1 
(Ghenbot & Weiner, 1992) but in the present study, only seabream ALDH-2 was being 
eluted from the column. Presence of ALDH-1 in sub-mammalian species is supported by 
the nucleotide sequence obtained from chicken (Godbout, 1992) and the purified protein 
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from Xenopus (Yamauchi et al., 1999). Therefore, the failure to detect ALDH-1 in 
seabream may be due to the minute amount in this species. As the catalytic properties of 
ALDH-1 and ALDH-2 are so similar, the use of acetaldehyde-oxidizing ability to follow 
ALDH-1 may not be an effective method. ALDH-1 is highly specific in catalyzing the 
oxidation of all-trans retinal to retinoic acid (Bhat & Samada, 1999). Using this specific 
substrate, it may be easier to trace the minute amount of ALDH-1 present in the sample 
during purification. 
3.3.3 Purification 
Two A L D H specific affinity media were used in the present study for the 
purification of seabream A L D H , they were a-cyanocinnamate Sepharose and p-
hydroxyacetophenone Sepharose. Chromatography on these gel has been successfully 
used to purify several species of A L D H . 
a-Cyanocinnamate and its derivatives are substances which react with thiol 
groups with an accompanying spectral change (Halestrap, 1976). The coupling .of a-
cyano-4-hydroxycinnamate onto the column has been used to purify rat (Poole & 
Halestrap, 1989), human and hamster (Klyosov et al., 1996) liver ALDH-2. It is shown to 
be an uncompetitive inhibitor of rat liver mitochondrial A L D H (Poole & Halestrap, 
1989). Chromatography on this affinity gel can effectively remove more than 90 % of the 
impurity from the crude tissue extract. Its effectiveness has also been demonstrated in the 
purification of sub-mammalian ALDH-2 from grass carp (Fong & Choy, 2001) and, in the 
present study, seabream. In conclusion, a-cyanocinnamate Sepharose seems to be an 
effective gel in specifically binding ALDH-2. 
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Another affinity medium is j!7-hydroxyacetophenone Sepharose. It has been reported 
that para-substituted acetophenones are competitive inhibitors of horse liver A L D H 
(Ghenbot & Weiner, 1992). These inhibitors could form a thiochemiacetal linkage with 
the ketones since the active site nucleophile of the enzyme is presumed to be a cysteine. 
Coupling of this inhibitor onto the column can achieve the purification of A L D H - 2 from 
the liver of bovine (Ghenbot & Weiner, 1992) and grass carp (Choy, 2001). In fact, 
attempt has been made to purify seabream antiquitin using this affinity gel. However, like 
the case in the chromatography on a-cyanocinnamate Sepharose，the protein did not bind 
onto the column and came out in the flow-through fraction (data not shown). Although, it 
failed to act as a specific affinity column to purify seabream antiquitin, it may be useful as 
another effective medium to separate ALDH-2 and antiquitin. 
3.4 Electrophoretic Properties 
Homogeneity of the two A L D H isoforms purified from the liver of seabream was 
analyzed by electrophoretic techniques. A single band with subunit molecular mass of 
56.0 kDa and 57.5 kDa for seabream ALDH-2 and antiquitin respectively were observed 
on SDS-PAGE. Such subunit molecular mass resembles most ALDH-2 including human 
(Kurys et al.,' 1989; Klyosov et al., 1996), hamster and rat (Klyosov et al., 1996)，horse 
(Feldman & Weiner, 1972; Eckfeldt et cd., 1976), bovine (Takahashi et al, 1979), 
skipjack tuna (Nagai, 1999) and grass carp (Fong & Choy, 2001). Although no reports on 
antiquitin have demonstrated its molecular size, the 502 amino acid residues deduced 
from the nucleotide sequence of human antiquitin (Lee et al., 1994) suggested that its 
subunit molecular mass was similar to that obtained from the present study. 
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Under native condition, both seabream A L D H classes revealed a band at 〜250 
kDa that indicated their tetrameric structures which is consistent to those in other 
mammalian species, skipjack tuna and grass carp. However, dimeric form of A L D H has 
also be observed in ALDH-3 (Yoshida et al., 1998). 
The homogeneity of the two samples was further verified by isoelectric focusing. 
A single band of ALDH-2 (pi = 5.6) and antiquitin (pi = 5.2) was observed from both 
protein and activity staining. This acidic property resembles most members of the A L D H 
family, such as grass carp (pi = 5.3) (Fong & Choy, 2001); hamster (pi = 5.5) and rat (pi 
=5.4) ALDH-2 (Klyosov et al., 1996) but lower than those of rat (pi = 6.9) and hamster 
(pi = 7.0) ALDH-1 (Klyosov et aL, 1996). This single band of proteins possessed A L D H 
activity, which could be shown by activity staining. The development of activity band 
was based on the reducing ability of the protein to convert N A D + to N A D H in the 
presence of substrate (acetaldehyde), where P M S will transfer the hydrogen atom to a 
tetrazolium salt such as M T T and thus makes N A D + reduction visible. 
3.5 pH and Temperature Stability 
A pH dependent oxidizing activity of A L D H was observed in both seabream 
ALDH-2 and antiquitin. This was shown by their activity at different pH. Optimal activity 
was observed at pH 8.5 for ALDH-2 and pH 9.0 for antiquitin. Similar characteristic can 
be found in grass crap ALDH-2 (pH 9.5) (Fong and Choy, 2001), mitochondrial A L D H 
from skipjack tuna (pH 10.0) (Nagai, 1999), human liver ALDH-1 and ALDH-2 (pH 9.5) 
(Greenfield et al” 1977) and rat liver mitochondrial A L D H (pH 8.8) (Lindahl & Evces, 
1984). 
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Although optimal activity of the two seabream A L D H s was observed in alkaline 
medium, they were unstable in such condition. At p H 8.5 一 10.0, both of them lost more 
than 70 % of their activities after 10-minute incubation. This property was similar to that 
in grass carp A L D H - 2 (Fong & Choy，2001). In contrast to these enzymes, skipjack tuna 
mitochondrial A L D H was more stable at alkaline p H (Nagai, 1999). 
Upon incubation at various temperatures, seabream antiquitin was comparatively 
more stable than seabream ALDH-2. Fifty percent of the antiquitin activity could be 
retained at up to 50°C, which was similar to that in grass carp ALDH-2 (Choy, 2000), but 
at such high temperature seabream ALDH-2 was totally inactivated. 
Structure of protein is critical for its catalytic ability. Extreme p H and temperature 
can result in conformational change by disrupting the hydrogen bonds and hydrophobic 
interactions of the proteins. Therefore, when proteins are subjected to neutral p H or low 
temperature, they usually remain active. But under extreme conditions，they become 
inactive. To minimize protein denaturation, DTT, P-mercaptoethanol, their co-factors or 
glycerol are common chemicals that can be used to stabilize the enzymes. D T T and (3-
mercaptoethanol are a type of sulfhydryl-containing reagents, which protect the cysteine 
residues in the active site from being oxidized. In A L D H , cysteine residue in the active 
site is highly conserved in all species (Perozich et al” 1999). A mutation of this amino 
acid residue results in enzyme inactivation (Farres et aL, 1995; Chou & Weiner, 1988). 
Skipjack tuna A L D H easily lost its activity in the absence of p-mercaptoethanol (Nagai, 
1999). In grass carp ALDH-2, p-mercaptoethanol alone had no significant stabilizing 
effect on the enzyme, but it could enhance the stabilizing effect of glycerol on the enzyme 
(Choy, 2000). These suggested the importance of SH-group for A L D H activity. Another 
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way to protect the active site is the addition of co-factor. With the binding of co-factor 
into the active site, the conformation of the enzyme can easily be maintained. Glycerol-
containing buffer can mimic the condition in cells. It forms strong hydrogen bonds with 
water, effectively slows down the motion of the water molecules and so reduces the water 
activity. The effect of glycerol to stabilize protein is generally due to the interaction of 
this solute and thus reduces that with the water molecules (Gekko & Timasheff，1981). It 
has been reported that both yeast (Steinman & Jakoby, 1967; Bradbury & Jakoby，1972) 
and rat (Pool & Halestrap，1989) A L D H require 30 % (v/v) glycerol to preserve the 
enzyme activity and prevent inactivation. Similar effect was observed in grass carp 
A L D H (Choy, 2000). However, they are only potential stabilizers, their effectiveness in 
different condition, and towards different proteins are not the same. 
In seabream ALDH-2 and antiquitin, effects of these potential stabilizers in the 
studies of their p H and temperature stability were different. Addition of N A D + could only 
minimize the inactivation of ALDH-2 due to extreme p H and temperature, but it could 
totally protect antiquitin from denaturation in all conditions. On the other hand, glycerol 
was a better stabilizer towards ALDH-2 than antiquitin. Even though, the stabilization 
effect of glycerol towards ALDH-2 was not perfect. Upon incubation at room temperature 
or even at 4°C, there was a 20 % loss in enzyme activity, this showed that the protein was 
very labile. Since the stabilization effect of these chemicals could not itself protect the 
enzyme from denaturation, a combination of them may work better. 
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3.6 Substrate Specificity 
Like rat A L D H - 2 (Lindahl & Evces，1984b; Senior & Tsai，1988), seabream 
antiquitin possessed both N A D + and NADP+-dependent dehydrogenase activities, but the 
utilization of N A D P + was much weaker. It was only 20 % of that NAD+-(lependent 
activity when 10 m M N A D P + was used. In contrast, seabream ALDH-2 could only 
perform NAD+-dependent dehydrogenase activity; N A D P + at concentration up to 10 m M 
could not activate the enzyme. In fact, most members of A L D H are NAD+-spedfic, while 
two families, non-phosphorylating glyceraldehyde-3-phosphate dehydrogenase and 10-
formyltetrahydrofolate dehydrogenase, are strictly NADP+-specific. One family, A L D H -
3, can use both N A D + and N A D P + with N A D P + yielding greater activity (Yoshida et al., 
1998). 
Generally, the kinetic parameters for antiquitin catalyzed oxidation of 
acetaldehyde, with a comparatively high K m value, were determined from Lineweaver-
Burk plots through the determination of initial velocities from several different substrate 
concentrations. However, the K m value for the ALDH-2 catalyzed reaction was in 
micromolar or sub-micromolar range, which precludes the use of initial velocities, and 
hence the kinetic parameters were obtained from progress curves (Klyosov & Berezin， 
1972; Rashkovetsky et al., 1994; Fong & Choy, 2001). The K m value of seabream 
ALDH-2 for the oxidation of acetaldehyde at pH 9.5 was 9 pM，which fell into the range 
of <0.1 to 9 |iM reported for human ALDH-2 (Koivula, 1975; Ikawa et al” 1983; 
Henehan et al” 1985; Ambroziak & Pietmszko, 1987; 1991; Yoshida et al., 1991; 
Klyosov et al, 1996). The high K m value of antiquitin (2 m M ) towards acetaldehyde at 
pH 9.5 was rare in A L D H family. As the affinity towards acetaldehyde was so low, it was 
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not a good substrate for determining the presence of antiquitin, thus, finding out its 
specific substrate is important for tracing antiquitin. 
Oxidation activity of acetaldehyde was pH dependent in seabream ALDH-2 and 
antiquitin. The V m a x value for acetaldehyde oxidation decreased by about 1.6 and 2.3 
fold from pH 9.5 to 7.5 for ALDH-2 and antiquitin respectively. Such decrease was 
similar to that of grass carp ALDH-2 (2.2 fold) (Fong & Choy, 2001) but lower than those 
observed in human (4.2 fold), hamster (5.6 fold) and rat (6.7 fold) ALDH-2 (Klyosov et 
al., 1996). 
Specific activity of seabream ALDH-2 was 8.5 U/mg, which was higher that those 
in human (5.5 U/mg) (Rashkovetsky et al, 1994), hamster (4.5 U/mg) (Hjelmqvist et al” 
1997) and grass carp (4.46 U/mg) (Fong & Choy，2001) ALDH-2. On the other hand, the 
specific activity of antiquitin was 1.28 U/mg, which was the lowest among the above 
listed. 
A wide range of aldehydes can be used as substrates for A L D H , but they differ in 
the ability to enter the active site. Aliphatic aldehydes including acetaldehyde, 
propionaldehyde and octanal, were substrates for both seabream ALDH-2 and antiquitin. 
Same properties were observed in skipjack tuna (Nagai, 1999) and grass carp (Fong & 
Choy, 2001) ALDH-2. Benzaldehyde is an aromatic aldehyde that bears a benzene ring in 
its structure. This aldehyde is a poor substrate for grass carp ALDH-2 (Fong & Choy, 
2001) and mitochondrial A L D H from skipjack tuna (Nagai, 1999) when compared to 
acetaldehyde. The seabream ALDH-2 was inactive towards this substrate. On the other 
hand, antiquitin could interact with benzaldehyde with 5.7 fold better than that of 
acetaldehyde. 
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Esterase activity has been reported as an ancillary activity of A L D H - 2 from horse 
(Feldman & Weiner，1972), human (Sidhu & Blair，1975) and various aspects of this 
reaction, including the effect of effectors on the dehydrogenase and esterase activities, 
have been described (Eckfeldt & Yonetani, 1976; Julian & Dunkan, 1977，MacGibbon et 
al” 1979; Takahashi & Weiner，1981; Vallari & Pietmszko, 1981; Kitson, 1986; Abriola 
& Pietruazko，1992; Fong & Choy，2001). Seabream ALDH-2 also possessed the ability 
to hydrolyze /7-nitrophenyl acetate. Elevation of N A D + concentration caused an increase 
in esterase activity. This activation was proposed to be due to an increase in the 
nucleophilicity of the active site in the presence of N A D + (Takahashi & Weiner，1981). 
However, antiquitin failed to demonstrate esterase activity at 5 |LIM />-nitrophenyl acetate. 
As the K m values of most of the substrates for seabream antiquitin were higher than those 
of seabream ALDH-2, a higher /?-nitrophenyl acetate concentration was used in an 
attempt to demonstrate its esterase activity. At 125 |aM ；7-nitrophenyl acetate, a very 
weak esterase activity (data not shown) was being detected. However, under such a high 
concentration of jo-nitrophenyl acetate, there was a spontaneous hydrolysis of the 
substrate in the absence of enzyme. Thus, even seabream antiquitin may have esterase 
activity at high substrate concentration, the present spectrophotometric method using p-
nitrophenyl acetate as the substrate could not be used to demonstrate this property. Thus, 
it remains unconfirmed whether a weak esterase activity is present in antiquitin. 
In the studies of a-cyano-4-hydroxycinnamate and /^-hydroxyacetophenone as 
inhibitors, only seabream ALDH-2 but not seabream antiquitin was susceptible to these 
chemicals. For rat liver ALDH-2 (Poole & Halestrap, 1989), this chemical was an 
uncompetitive inhibitor of the enzyme against glyceraldehyde where inhibition was 
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observed at 100 |xM a-cyano-4-hydroxycinnamate. The type of inhibition by this 
chemical towards seabream ALDH-2 remained to be determined. However, inhibition 
could be observed at a lower inhibitor concentration. At 6.25 |liM a-cyano-4-
hydroxycinnamate,〜32 % seabream ALDH-2 activity was being inhibited against 9 |j,M 
acetaldehyde. 
/>-Hydroxyacetophenone was another inhibitor of A L D H . It is a competitive 
inhibitor of bovine liver A L D H (Ghenbot & Weiner, 1992) against propinoaldehyde. At 
50 fxM /7-hydroxyacetophenone, inhibition of bovine A L D H was observed. Similar to 
that, inhibition on seabream ALDH-2 could be observed at 20 juM p-
hydroxyacetophenone against 9 [iM acetaldehyde. These inhibitory properties on 
seabream ALDH-2, but not seabream antiquitin, account for the differential binding of 
seabream ALDH-2 to a-cyanocinnamate Sepharose and j9-hydroxyacetophenone 
Sepharose. 
In summary, two isoforms of A L D H , namely ALDH-2 and antiquitin, were 
purified from the liver of black seabream. These two proteins differed in their isoelectric 
point, N-terminal amino acid sequence, pH and temperature stability in the presence of 
N A D + or glycerol, substrate specificity and lastly, inhibitory pattern of a-cyano-4-
hydroxycinnamate and ;7-hydroxyacetophenone. 
3.7 Possible Functions of Antiquitin 
For the two proteins isolated, ALDH-2 has already been examined in details in 
various species. On the other hand, antiquitin has never been studied at the protein level 
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and the present study represents the first purification of the antiquitin protein from any 
species and the first demonstration of its enzymatic activity. 
Antiquitin is remarkable for its high amino acid sequence identity between plant 
and human homologues. Although many proteins with similar function exist in both plant 
and animal, the long evolutionary distance results in their low sequence identity. For 
example, A D H from Pisum sativum (CAA2969，GenBank database) and human (Giri et 
al,, 1989) only share 48 % in the overall sequence homology. Histone is one of the 
exceptions. This protein functions to maintain the overall structure of D N A . The 129 
amino acids of human histone H 2 A 1 (AC P02261, SwissProt database) have a 71 % 
identity and 80 % similarity to pea histone H2A1 (Doolittle et al., 1992). The high 
conservation suggests that their functions involve nearly all of their amino acids that a 
change in any position is deleterious to the cell. Thus, even there is a long evolutionary 
distance between the two kingdoms of proteins, their sequence homology is still very 
high. This feature is also observed in antiquitin. The overall sequence homology of 
human and plant antiquitins is 60%. Therefore, it is believed that this ancient protein 
must possess certain physiological importance that is indispensable. 
Several lines of evidence support its proposed function is related to 
osmoregulation in generating osmoprotectant. In green garden pea and canola, the 
expression of antiquitin is induced under dehydration (Guerrero et al., 1990; Stroeher et 
al., 1995). The induction of this protein may possibly be due to the action of antiquitin to 
act against the change in osmotic stress in cells. As antiquitin is highly conserved from 
plant to human, they may share the same function. 
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Secondly, the tissues at which it is abundant, human liver and kidney (Lee et al., 
1994) all have major transport functions. Kidney is the main organ that functions to 
regulate the composition and volume of extracellular fluid in animals. Thus, any proteins 
that are related to this may possibly be expressed in this organ. B A D H is one of the 
examples. This enzyme catalyzes the conversion of betaine aldehyde to a common 
osmoprotectant, glycine betaine, therefore plays an important role in osmoregulation 
(Chem and Pietruszko, 1999). Indeed, antiquitin may also be present in the kidney of 
seabream. From the result of tissue distribution of seabream A L D H , kidney was shown to 
have the highest specific activities in all the three assay systems. Significant increase of 
the specific activity from 0.5 m M to 35 m M acetaldehyde may be due to the catalytic 
characteristics of antiquitin. The affinity of antiquitin towards this substrate was different 
from that of the seabream ALDH-2, the K m value of the former was 2 m M while the 
latter was 9 |iM. Therefore, when the activity of antiquitin was determined at 0.5 m M 
acetaldehyde, less than 20 % of its maximum activity can be shown. This can account for 
the difference in specific activity between the two acetaldehyde concentrations. Besides, 
only seabream antiquitin but not seabream ALDH-2 could use benzaldehyde as a 
substrate. The specific activity for benzaldehyde can also provide some hints for the 
presence of antiquitin in the kidney. 
Apart from osmoregulation, the function of antiquitin may be related to 
detoxification. Class 3 A L D H from plant has been proposed to have this role (Kirch et 
al., 2001). The enzyme has the ability to oxidize nonanal，propionaldehyde and 
acetaldehyde with a strong preference for the medium chain aliphatic aldehydes. The gene 
of this protein transcript and its polypeptide is up-regulated in vegetative tissues and 
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callus in response to dehydration or abscisic acid treatment. In mammalian species, the 
physiological function of ALDH-S is the oxidation of various lipid aldehyde substrates 
generated by the peroxidation of cellular lipids, pointing to a role of detoxification 
(Lindahl & Peterson，1991; Mitchell & Peterson, 1989). In fact, desiccation in plants 
leads to the production of active oxygen species, resulting in cellular damage. Thus, 
another postulated physiological role of antiquitin is to act as a defense protein, which 
detoxifies damaging aldehydes. 
Membrane bound proteins can function to maintain the characteristic differences 
between the content of the membrane bound organelle such as endoplasmic reticulumn, 
mitochondria, and the cytosol. Besides, they can generate an ion gradient across 
membranes, which is used to synthesize A T P to drive the transmembrane movement of 
selected solutes. The energy can be used to produce and transmit electrical signal in nerve 
and muscle cells. For those membrane proteins that are located in the plasma membrane, 
they act as sensors of external signals, allowing the cell to change its behavior in response 
to environment cues. In antiquitin, a large hydrophobic sequence is found in human 
antiquitin between amino acid 155 and 208，which may represent a transmembrane 
segment (Lee et al.，1994). Furthermore, the amino acid sequence homology between 
plant antiquitin and E.coli glycerol facilitator protein is 28 % identical and 48 % 
homologous or with conservative replacements (Guerrero & Crossland, 1993). Glycerol 
facilitator protein is known to be responsible for the channel-type transport of glycerol 
and other small molecules (Helller et al., 1980). A striking sequence homology is also 
found between plant antiquitin and the intrinsic tonoplast protein (TIP) of Phaseolus 
vulgaris (Johnson et al” 1990). TIP is a transmembrane protein in plant located in the 
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tonoplast of seed reserved tissues, it would be a candidate for metabolite transport during 
seed development. This homology suggests the involvement of antiquitin in the transport 
of ions or sugars during osmoregulation, as this is one mechanism by which plants 
attempt to restore turgor (Hsiao, 1973). However, since in the extraction of protein from 
the liver of seabream, no detergent was used for the solubilization of membrane lipid bi-
layer, which can release those membrane-bound protein. Thus, it is unlikely that 
anitiquitin is a membrane-bound protein. 
3.8 Future Prospects 
Several questions arise from the presence of antiquitin in sub-mammalian species 
during the study of the protein in seabream. High specific A L D H activities were detected 
in kidney under 0.5 m M and 35 m M acetaldehyde as well as 5 m M benzaldehyde. The 
values obtained were even higher than that of the liver. In order to clarify whether the 
high A L D H activities in kidney were mainly due to the oxidation of aldehyde by the 
action of antiquitin, an attempt was made to jDurify the enzyme from the kidney of 
seabream (data not shown). The purification scheme was the same as that used to purify 
liver antiquitin with some modification, and 35 m M acetaldehyde was used to follow the 
purification. The kidney homogenate was first loaded onto the a-cyanocinnamate 
Sepharose chromatography and the flow-through fraction from the column was 
immediately subjected to Affi-gel Blue Agarose column. After the elution of protein from 
the affinity column by the application of 5 m M NAD+, a peak of A L D H activity was 
being detected. SDS-PAGE analysis of this active fraction showed a major band with 
subunit molecular mass of about 56 kDa. Kinetic study of this partially purified protein 
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showed that it had a high K m value (in millimolar range) towards acetaldehyde. Several 
classes of A L D H have been reported to be present in kidney, including ALDH-1 (Bhat et 
al, 1996; Ambroziak et al., 1999)’ ALDH-2 (Bhat et al., 1996) and B A D H (Guzman-
partida & Valenzuela-Soto, 1998). The first two classes of A L D H have a high affinity 
towards acetaldehyde with K m values in micromolar range. B A D H can specifically 
catalyze the oxidation of betaine aldehyde to glycine betaine, and can also oxidize 
acetaldehyde but the binding affinity is relatively low when compared to that of betaine 
aldehyde (Guzman-partida & Valenzuela-Soto, 1998; Chem & Pietmszko, 1999). 
Therefore, betaine aldehyde was used to examine whether the catalytic ability of the 
protein isolated from the kidney of seabream was due to B A D H . However, the enzyme 
showed only a weak oxidation activity towards betaine aldehyde which was much weaker 
than that towards acetaldehyde. Thus, based on the limited kinetic data of the partially 
purified protein, it was unlikely to be ALDH-1, ALDH-2 or B A D H . Since, it had a high 
K m value towards acetaldehyde in millimolar range, it was believed to be antiquitin. 
Further characterization, especially N-terminal amino acid sequencing, of the protein is 
needed to identify the protein, which may be useful in explaining the high specific 
activity obtained in the crude extract of kidney. 
Another question concerning antiquitin in sub-mammalian species is its quantity. 
As one of the proposed physiological functions of antiquitin is related to osmoregulation, 
the amount of this protein present in fresh-water fish and marine fish may have some 
differences. Seabream lives in marine water while grass carp lives in fresh water. 
Although previous study on grass carp A L D H only showed the presence of ALDH-2, 
antiquitin could also be found. Based on the purification method of seabream antiquitin, 
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this protein has been purified from the hepatopancreas of grass carp (unpublished data). 
The homogenate obtained was first subjected to a-cyanocinnamate Sepharose 
chromatography and the flow-through was loaded directly onto Affi-gel Blue Agarose 
column. After the elution with NAD+，a peak with A L D H was observed. Subsequently, 
this active fraction was purified by size exclusion chromatography on Superdex S-200. N-
terminal amino acid sequence of the purified protein showed that it had a 76 % and 67 % 
identity with seabream and human antiquitin respectively. The amount obtained from 50 
g grass carp hepatopancrease was 0.6 mg. Compared to that of seabream antiquitin, where 
0.9 m g can be purified from the same amount of liver, the amount present in fresh-water 
fish and marine fish was similar. 
However, the amount obtained may not fully reflect the real situation. Certain 
amount of proteins is inevitably loss after each purification steps, the more the steps, the 
more is the proteins loss. The loss is especially great when non-specific chromatographic 
steps or precipitation of protein is carried out. When proteins are loaded onto a general 
chromatographic column such as gel filtration, the elution peak is relatively broad 
compared to that of affinity chromatography. Thus, when the active fractions are being 
collected, those fractions in the tails of the peak will be eliminated in order to achieve a 
higher purity, but that results in a loss of proteins. Due to the unpredictable amount of 
enzyme loss during purification, the quantity shown after the final step of isolation cannot 
reflect the exact amount present in the crude sample. 
Raising antibody is one of the methods that can be done at the present stage to 
quantify antiquitin. The protein has already been purified to homogeneity, therefore it can 
be used to raise antibody in animal such as rabbit. When the protein is injected into the 
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blood of the subject, it will act as an antigen. This antigen will stimulate the immune 
system of the subject and produce antibody to act against its invasion. By purifying this 
antibody, it can be used for immunoblotting of antiquitin. Since antibody is specific to its 
antigen (antiquitin), Western blot analysis of the crude tissue extract can provide 
information about the quantity of antiquitin in a crude extract. With the antibody, the 
cellular localization of the protein can also be demonstrated by immuno-staining. 
Another method to quantify antiquitin is a measurement of its "specific activity" 
in crude extract. Under this condition, the measurement may be interfered by the actions 
of other enzymes present in the sample that compete for the same substrate. To cope with 
this, specific substrate of the enzyme has to be used to minimize the disturbance. Like 
betaine aldehyde, this substrate is specifically oxidized by B A D H in the presence of 
NAD+. The ability of other A L D H to oxidize this substrate is very weak therefore it can 
be used to quantify B A D H even in the crude extract. Unfortunately, the specific substrate 
for antiquitin remains to be identified. 
There are several hints in finding out the specific substrate for antiquitin. y-
G G S A L D H is a class of A L D H that catalyzes the irreversible oxidation of glutamate 
semialdehyde to glutamate involved in the proline degradation pathway (Forte-McRobbie 
et al,, 1986; Hu et al., 1996). From the phylogenetic tree, this class of A L D H is the one 
that shows the highest sequence homology with antiquitin (Perozich et al,, 1999)，which 
may imply their similarity in physiological function or catalytic properties. Glutamate 
semialdehyde can act as substrate for G G S A L D H , antiquitin may also be capable to 
oxidize this aldehyde. On the other hand, they may share similar physiological role in the 
metabolism of amino acids. Amino acids, in addition to their general role in protein 
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metabolism and acting as neurotransmitter, can also function as osmoprotectant. Glycine, 
alanine, proline and glutamine are the common examples. Therefore, the effect of these 
molecules towards antiquitin is worth studying. These amino acids may act as an 
activators or inhibitors in the oxidation of aldehydes. A L D H catalyzes the oxidation of 
aldehydes into their corresponding acids which share a common chemical structure of a 
COO" group. Some osmoprotectants also share a common structure in having a COO" 
group (Figure 3.1). These osmoprotective acids, therefore, may be generated by oxidation 
and hence, the precursors of these osmoprotectants, the aldehydes, may act as potential 
substrates for antiquitin. The acids itself may also exert product inhibition effect on 
antiquitin. Their corresponding aldehyde precursors can then be generated through 
chemical synthesis and tested as substrates for antiquitin 
With the availability of liver c D N A library of seabream, work on antiquitin at 
nucleotide level can be conducted efficiently. The full sequence of seabream antiquitin 
can be determined from the c D N A library and thus, the expression of the gene under the 
presence of stress or xenobiotics and the structural properties of the protein can be 
studied. These will provide important insights in understanding the structure and 
physiological function of antiquitin. 
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Chapter 4 Conclusion 
In conclusion, two isoforms of acetaldehyde-oxidizing A L D H were purified from 
the liver of seabream. N-terminal amino acid sequencing of the two isoforms showed a 
high homology with human ALDH-2 and human antiquitin. They shared similar 
molecular properties but differed in kinetic properties, especially in their affinity towards 
acetaldehyde. 
Purification of these two proteins involved several affinity chromatographic 
techniques together with ammonium sulfate precipitation. Two potential affinity 
chromatographic gels, a-cyanocinnamate Sepharose and /7-hydroxyacetophenone 
Sepharose that have been reported to bind ALDH-1, were used. The presence of ALDH-1 
in sub-mammalian species has been reported, however, no seabream ALDH-1 was 
discovered in the present study. This may be due to the minute amount and the masking 
effect of seabream ALDH-2 when using acetaldehyde as the substrate to follow ALDH-1. 
So, it is suggested to use another ALDH-1 specific substrate to monitor the purification of 
this enzyme. . 
On the other hand, the successful purification of antiquitin could facilitate the 
study of this protein and the identification of its physiological role. In the present study, 
the catalytic properties have been demonstrated but its physiological importance is still 
unknown. Further characterization of the protein at both protein and nucleotide level will 
be important in understanding this important class of ALDH. 
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